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(57) An engine automatic start stop control appara- 
tus controls an engine (10) of a vehicle to be automati- 
cally stopped or started in response to driving 
conditions of a vehicle. Particularly, the apparatus is 
applied to the vehicle that performs idle stop control for 
reduction of discharge gas. Herein, the apparatus con- 
trols the engine to restart based upon determination for 
restarting the engine under an engine stop mode. 
Namely, the apparatus controls the engine to restart if a 
driver depresses a clutch pedal or if a driver does not 
depress a brake pedal during an engine stall in which 
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engine speed becomes zero. Thus, it is possible to 
restart the engine by prescribed operations even if the 
driver mistakenly recognizes that the engine is stopped 
by automata stop control although the engine actually 
stalls due to an error operation of the driver so that the 
engine speed becomes zero. This improves drivability 
for the driver who handles the vehicle, particularly a 
hybrid vehicle which is capable of independently run- 
ning by using an electric motor only 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to engine automatic 
start stop control apparatuses that automatically stop 
engines idling in accordance with prescribed conditions. 
[0002] This application is based on Patent Applica- 
tion No. Hei 11-230132 filed in Japan, the content of 
which is incorporated herein by reference. Description 
of the Related Art 

[0003] Recently, people pay attention to environ- 
mental problems such as increasing temperature on the 
earth. So, automobile manufacturers and institutes are 
actively developing electric vehicles and hybrid vehicles 
to reduce discharges of gases and matters such as car- 
bon dioxide. The electric vehicles are optimal solutions 
to the environmental problems because of zero dis- 
charge of gas. Under the present situation, however, the 
electric vehicles must be further developed to cope with 
technological disadvantages, as follows: 

(I) The present electric vehicles are capable of run- 
ning short distances with one-time electric charg- 
ing. 

(ii) The electric vehicles do not sufficiently catch up 
with capabilities and practical perfomnance of the 
conventional vehicles using internal-combustion 
engines. 

[0004] The hybrid vehicles are equipped with 
engines and motors, wherein batteries are charged in 
response to rotations of the engines. In prescribed low 
ranges of engine speeds where the engines produce 
relatively large amounts of carbon-dioxide discharges, 
the hybrid vehicles solely activate the motors or they 
activate both of the engines and motors in parallel, so rt 
Is possible to reduce amounts of carbon-dioxide dis- 
charges. The hybrid vehicles are practical solutions to 
the environmental problems because they are capable 
of reducing the carbon-dioxide discharges while secur- 
ing perfomnance (e.g., running distance and drivability) 
of the conventional vehicles. Recently, automobile man- 
ufacturers produce a variety of hybrid vehicles of practi- 
cal use that are capable of running long distances by 
themselves. 

[0005] In order to reduce amounts of discharges 
such as carbon dioxide and nitrogen oxide (NOx), engi- 
neers propose and develop an engine automatic stop 
start technique in which during a stop of a vehicle, an 
engine idling is stopped, then, the engine is started. 
[0006] However, this technique is designed, regard- 
less of an engine stall event, as follows: 

In a hybrid vehicle, for example, when a driver 
makes an error operation to stop the vehicle under 



engagement of a clutch, an engine stall is caused to 
occur. In that case, the driver does not always rec- 
ognize occun^ence of the engine stall because of 
the error operation. In addition, the driver may mis- 

5 takenly recognize that an idle stop control is made 
because the vehicle is stopped. In the event of the 
engine stall which is caused by the en-or operation 
of the driver, the engine is not stopped by the idle 
stop control. So, in order to nonnally restart the 

70 vehicle to run, the driver must operates a starter 
key to restart the engine running. 

[0007] Since the driver mistakenly recognizes that 
the engine is stopped by the idle stop control, it is not 

75 expected for the driver to operate the starter key to 
restart the engine. Because the engine is stopped by 
the error operation of the driver, even if the driver drives 
the vehicle to start, the vehicle does not start from an 
idle stop state of the engine. In that case, acceleration 

20 may be differed from expected one at the start of the 
vehicle. So, the driver may have a feeling of wrongness 
because of "unwanted" acceleration. This causes a 
problem in that drivability is damaged. 

25 SUMMARY OF THE INVENTION 

[0008] It is an object of the invention to provide an 
engine automatic start stop control apparatus applica- 
. bie to vehicles each of which is designed to perform idle 
30 stop control for reduction of discharge gas. Herein, the 
apparatus is capable of controlling restart operations of 
the vehicle without damaging drivability even If an 
engine of the vehicle stalls due to error operation of a 
driver. 

3S [0009] This Invention basically relates to an engine 
automatk: start stop control apparatus that controls an 
engine to be automatically stopped and started in 
response to driving conditions of a vehicle. 
[0010] According to a first aspect of the invention, 

40 the engine automatic start stop control apparatus com- 
prises an engine speed detection device (18, SB12) for 
detecting engine speed of the engine, a clutch detection 
device (SB18) for detecting depression of a clutch 
pedal, an automatic stop detection device (1 8, SB1 0) for 

45 detecting an automatic stop mode of the engine, and an 
automatic start device (18, SB10-SB68) for automati- 
cally starting the engine if the clutch detection device 
detects the depression of the clutch pedal, the engine 
speed detection device detects that the engine speed is 

50 zero, and the automatic stop detection device does not 
detect the automatic stop mode of the engine. 
[0011] In the above, the automatic start device con- 
trols the engine to restart based upon detemiinatlon for 
restarting the engine under the engine stop mode. In 

55 addition, it controls the engine to restart if the driver 
depresses the clutch pedal although the engine stalls 
due to an en'or operation of the driver so that the engine 
speed becomes zero. 
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[001 2] That is, the engine is restarted by operations 
for restarting the engine in the automatic stop mode 
even if the driver mistakenly recognizes that the engine 
is stopped by the automatic stop control although the 
engine stalls due to the en-or operation of the driver. 5 
Thus, it is possible to improve drivabllity for the driver 
who handles the vehicle. 

[0013] According to a second aspect of the inven- 
tion, the engine automatic start stop control apparatus 
comprises an engine speed detection device (18, 10 
SD12) for detecting engine speed of the engine, a brake 
detection device (SD22) for detecting depression of a 
brake pedal, an automatic stop detection device (18, 
SD10) for detecting an automatic stop mode of the 
engine, and an automatic start device (1 8, SD1 0-SD40) 15 
for automatically starting the engine if the brake detec- 
tion device does not detect the depression of the brake 
pedal, the engine speed detection device detects that 
the engine speed is zero, and the automatic stop detec- 
tion device does not detect the automatic stop mode of 20 
the engine. 

[001 4] In the above, the automatic start devtee con- 
trols the engine to restart if the driver depresses the 
brake pedal although the engine stalls due to the error 
operation of the driver so that the engine speed 25 
becomes zero. 

[0015]-: . According to a third aspect of the invention, 
the :engine automatic start stop control apparatus is 
applicable- to a hybrid vehicle that installs an electric 
motor (16) in addition to the engine (10) as driving 30 
sources of wheels. 

[0016] Because the hybrid vehtele Is capable of 
independently running by only using the electric motor, 
there is a great probability in that the driver fails to rec- 
ognize the engine stall. The apparatus Is capable of 35 
avoiding an unwanted situation where the battery cou- 
pled to the electric motor cannot be electrrcally charged 
for a long time because the engine stall continues. 

BRIEF DESCRIPTION OF THE DRAWINGS 40 

[0017] These and other objects, aspects and 
embodiments of the present invention will be described 
in more detail with reference to the following drawing fig- 
ures, of which: 45 

FIG. 1 is a block diagram showing an outline config- 
uration of an engine automatic start stop control 
apparatus in accordance with the invention; 
FIG. 2 is a block diagram showing a concrete con- so 
figuration of the engine automatic start stop control 
apparatus in accordance with a first embodiment of 
the invention; 

FIG. 3A is a logic diagram showing a sequence of 
conditions for determination and control for stop- ss 
ping an engine idling; 

FIG. 38 is a logic diagram showing a sequence of 
conditions for determination and control for restart- 



ing an engine; 

FIG. 4A is a graph showing zones for idle stop con- 
trols of an engine in connection with relationships 
between remaining battery charge and consump- 
tion of electricity; 

FIG. 4B is a graph showing zones for idle stop and 
restart controls of an engine in connection with rela- 
tionships between remaining battery charge and 
consumption of electricity; 
FIG. 5A is a graph showing conditions for idle stop 
controls of the engine when an air conditioner is 
stopped; 

FIG. 5B is a graph showing conditions for idle stop 
controls of the engine when the air conditioner is 
operating; 

FiG. 6A is a logic diagram showing a sequence of 
conditions for detemnination and control of deceler- 
ation fuel cut; 

FIG. 68 is a logic diagram showing a sequence of 
conditions for determination and control of restora- 
tion from the deceleration fuel cut; 
FIG. 7 is a flowchart showing a first part of an idle 
stop determination process in accordance with the 
first embodiment of the invention; 
FIG. 8 is a flowchart showing a second part of the 
idle stop detemiination process In accordance with 
the first embodiment of the invention; v^ - - A: 
FIG. 9 is a flowchart showing. a process for estimaT- 
tion of outside air temperature; i>ia 
FIG. 10 is a flowchart showing a process for deter- 
mination of engine water temperature; 
FIG. 11 is a graph showing relationships between 
engine water temperature and outside air tempera- 
ture used for determination of idle stop of the 
engine; 

FIG. 12 is a flowchart showing a first part of an 

engine restart determination process in accordance 

with the first embodiment of the Invention; 

FIG. 13 is a flowchart showing a second part of the 

engine restart detemnlnatlon process In accordance 

with the first embodiment of the invention; 

FIG. 14 is a block diagram showing a configuration 

of an engine automatic start stop control apparatus 

in accordance with a second embodiment of the 

invention; 

FIG. 15A is a logic diagram showing idle stop deter- 
mination conditions in accordance with the second 
embodiment; 

FIG. 15B is a logic diagram showing engine restart 
detemiination conditions in accordance with the 

second embodiment; 

FIG. 1 6 is a flowchart showing a first part of an idle 
stop determination process in accordance with the 
second embodiment; 

FIG. 1 7 is a flowchart showing a second part of the 
idle stop detemiination process in accordance with 
the second embodiment; and 
FIG. 18 is a flowchart showing an engine restart 
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determination process in accordance with the sec- 
ond embodiment 

DESCRIPTION OF THE PREFERRED EI\^BODI- 
ly/IENTS 

[0018] This invention will be described in detail by 
way of examples with reference to the accompanying 
drawings. 

[0019] FIG. 1 shows an outline configuration of an 
engine automatic start stop control apparatus in accord- 
ance with this invention. The engine automatic start 
stop control apparatus is realized by an engine ECU 1, 
which controls fuel supply to an engine (not shown) to 
start or stop. Basically, the engine ECU 1 performs pre- 
scribed engine controls based on outputs of sensors 
and switches, which are designated by a reference sym- 
bol PI in FIG. 1. 

[0020] As outputs of the sensors and switches, the 
reference symbol Pi designates running speed of a 
vehicle, an opening degree of an acceleration pedal, 
engine water temperature, engine intake air tempera- 
ture, ON/OFF of an Ignition switch, ON/OFF of a brake, 
a shift position, ON/OFF of a clutch (which is used in 
case of a manual-transmission (MT) vehicle) and mas- 
ter-power negative pressure of the brake equipped with 
a servo device. 

[0021] In the case of a vehicle equipped .with a; con- 
tinuously variable transmission (CVT), the engine ECU 
1 issues an idle stop request to a CVT ECU 2. So, the 
engine ECU 1 performs prescribed engine controls only 
when the CVT ECU 2 outputs a signal declaring that the 
CVT completes preparation for an idle stop operation. 
This is because of mechanism of the CVT, details of 
which will be described later. 

[0022] Incidentally, the present specification use 
terminology of "idle stop" to mainly represent a stop of 
an engine idling and further represent a stop of fuel sup- 
ply at a deceleration mode in accordance with pre- 
scribed conditions, whk^h will be described later. 
[0023] In the case of a hybrid vehicle equipped with 
a motor in addition to an engine, there are provided a 
battery ECU 4 and a motor ECU 3. Herein, the battery 
ECU 4 is used to control states (e.g., remaining battery 
charge (or state of charge) and temperature) of a bat- 
tery which is a power source for the motor, while the 
motor ECU 3 is used to control states (e.g., rotating 
speed) of the motor. Specifically, the battery ECU 4 out- 
puts "SOC" (or "State of Charge") representing the 
remaining battery charge of the battery; while the motor 
ECU 3 outputs a motor state signal representing a 
present state of the motor as to whether the motor can 
be started or not, for example. Thus, the engine ECU 1 
perfonns prescribed engine controls based on the SOC 
output from the battery ECU 4 and the motor state sig- 
nal output from the motor ECU 3. The engine ECU 1 
operates based on the aforementioned factors to cope 
with special conditions of the hybrid vehicle/ as follows: 



6 

[0024] Even if the engine is automatically stopped 
by an idle stop operation, the battery supplies electric 
power to several members (e.g., ECUs, head lights, 
winkers (or turn signals)). So, if those members con- 
5 sume the electric power too much, the engine cannot be 
restarted or the motor cannot be driven after restarting 
of the engine due to reduction of electric charge of the 
battery. 

[0025] Normally, the vehicles (or automobiles) sold 

10 on the market are frequently equipped with air condi- 
tioners, compressors of which are driven by engines. 
Therefore, the vehicles equipped with automatic idle 
stop controls cannot drive the air conditioners during 
stop of the engine idling. By merely perfonning engine 

75 controls based on states of vehicles such as running 
speeds and engine speeds, it is impossible to provide 
drivers with comfortable driving conditions in response 
to variations of outside air temperature which becomes 
higher or lower than a comfortable range of temperature 

20 for drivers. For this reason, the engine automatic start 
stop control apparatus of FIG. 1 installs a air conditioner 
ECU 5 for controlling states of the air conditioner. 
Hence, the engine ECU 1 perfonns prescribed engine 
controls based on operating conditions of the air condi- 

25 tloner which are set by a driver. 

, [A] Rrst Embodiment 

[0026] Now, an engine automatic start stop control 
30 apparatus will be described in further detail in accord- 
ance with a first embodiment of the invention. 
[0027] FIG. 2 shows a configuration of the engine 
automatic start stop control apparatus of the first 
embodiment. The first embodiment is designed for a 
35 hybrid vehicle equipped with a manual transmission 
(MT). 

[0028] In FIG. 2, an engine 10 produces driving 
power, which is transmitted to wheels 14 by means of a 
manual transmission 12. Each of the wheels (or some of 

40 the wheels) 14 is equipped with a pulse generator (not 
shown) which generates a pulse by every rotation. An 
engine ECU 18 catoulates running speed of the vehrcle 
based on intervals of time measured between the 
pulses generated by the wheels 14. In addition, the 

45 apparatus installs a motor/generator 1 6, which operates 
with a three-phase AC power supply, in parallel with the 
engine 10. A rotation shaft of the motor/generator 16 is 
directly connected with a rotation shaft of the engine 1 0. 
When the engine 10 is stopped, the motor/generator 16 

so plays a role as a motor to produce driving power, whk:h 
is transmitted to the wheels 14 by means of the manual 
transmission 12. When the engine 10 is running, the 
rotation shaft of the motor/generator 1 6 is rotated by the 
engine 1 0 so that the motor/generator 1 6 plays a role as 

55 a generator for generating electric power. 

[0029] By way of a signal line 10a, an engine ECU 
1 8 inputs from the engine 10 various signals, which rep- 
resent engine speed Ne, air intake passage pressure 
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Pb, water temperature TW and Intake air temperature, 
for example. In addition, the engine ECU 1 8 also inputs 
depression signals, as to whether a driver depresses 
pedals 20 by his/her (l.e., his or her) foot or not respec- 
tively, by way of signal lines 20a. In response to those 5 
signals, the engine ECU 18 produces control signals for 
controlling fuel supply and ignition timing, which are 
supplied to the engine 1 0 by way of a signal line 18a. A 
temperature sensorfor measuring the intake airtemper- 
ature of the engine 1 0 is arranged inside of an air intake 10 
passage, which is laid between an air cleaner (not 
shown) and the engine 10, for example. The aforemen- 
tioned pedals 20 con^espond to an acceleration pedal, a 
clutch pedal and a brake pedal. In the case of the accel- 
eration pedal, the engine ECU 1 8 receives a depression 75 
signal and a depression angle signal (0 j^) representing 
a depression angle of the acceleration pedal. Further, 
the engine ECU 18 receives a gear-select signal, repre- 
senting a gear that the driver selects by operating a shift 
lever 19. Furthemiore, the engine ECU 18 receives 20 
from an air conditioner ECU 21 a signal as to whether 
an Idle stop control of the engine Is allowed or disal- 
lowed in response to its setting made by the driver. 
[0030] The engine ECU 18 is connected with a 
motor ECU 22 by way of signal lines 18b, 22a. By way 25 
of the signal line 1 8b, the engine ECU 1 8 outputs to the 
motor, .ECU .22 control signals which Initiate a 
motor/generator 16 to operate and which designate its 
• output power. By way of the signal line 22a, the motor 
ECU 22 outputs to the engine ECU 1 8 signals which 30 
represent remaining battery charge and an amount of 
output cun^ent of a battery 26, details of whteh will be 
described later. 

[0031] A power drive unit 24 is connected with the 
motor/generator 16 and is also connected with the 35 
motor ECU 22 by way of a signal line 22b. In response 
to control signals given from the motor ECU 22, the 
power drive unit 24 converts a DC power supply from 
the battery 26 to three-phase AC power having pre- 
scribed magnitudes in electrteity, whk^h is supplied to 40 
the motor/generator 16. The power drive unit 24 detects 
phase cun-ents and full currents that flow through the 
motor/generator 16. Detected phase currents and full 
cun'ents are supplied to the motor ECU 22 by way of the 
signal line 24a. In consideration of the detected phase 45 
cun-ents and full cun-ents given from the power drive unit 
24, the motor ECU 22 performs (arithmetic) operations 
to designate an amount of electric power being supplied 
to the motor/generator 16 in such a way that the 
motor/generator 1 6 actually produces the output power so 
designated by the foregoing control signal which is 
given from the engine ECU 18 by way of the signal line 
18b. 

[0032] A current detector 31 is installed and 
arranged between the battery 26 and the power drive 55 
unit 24. The current detector 31 detects output currents 
of the battery 26. Detected currents are supplied to the 
battery ECU 32. The battery 26 Is equipped with a volt- 



age detector and a temperature detector, both of which 
are not shown in FIG. 2. Detected voltage and tempera- 
ture of the battery 26 are sent to a battery ECU 32 by 
way of a signal line 26a. 

[0033] A downverter 28 is connected between the 
power drive unit 24 and the battery 26. The downverter 
28 converts output DC voltage of the power drive unit 24 
or battery 26 to prescribed voltage, whteh is 12V, for 
example. The downverter 28 Is connected with a battery 
30 whose output voltage is 12V and electric loads 29. 
The electric loads 29 include loads due to wipers and 
headlights as well as loads due to control devices such 
as the engine ECU 18, motor ECU 22 and battery ECU 
32. The battery 30 is equipped with a voltage detector 
and a current detector, both of which are not shown in 
FIG. 2. Detected voltage and current of the battery 30 
are sent to the battery ECU 32 by way of a signal line 
30a. 

[0034] The battery ECU 32 nonnally monitors 
states of the batteries 26, 30 such as remaining battery 
charge, temperature and currents, for example. Specifi- 
cally, the battery ECU 32 detects remaining battery 
charge and output currents of the battery 26 as well as 
output cun-ents of the battery 30, so that detection 
results are fonvarded to the motor ECU 22 by way of a 
signal line 32a. 

[0035] A waming devtee 34 warns the driver of conr . 
ditions of the engine 10 as to whether the engineldling 
is stopped or not. The warning device 34 is iarranged atr. 
a prescribed location on a display panel of the vehicle 
close to a driver's seat, for example. Under an idle stop 
condition where the engine Idling is controlled to be 
stopped when the vehicle is stopped, the warning 
device 34 turns on and off a lamp (or lamps) if the driver 
moves his/her foot off from the clutch pedal, in other 
words, if the clutch pedal is released to establish a full- 
close state of the clutch. Restarting the engine 1 0 is car- 
ried out in accordance with driver's intention. In addi- 
tion, the engine 10 is also automatically restarted in 
response to reduction of the remaining battery charge 
of the battery 26, for example. In this case, the engine 
10 is not restarted unless the driver depresses the 
clutch pedal deeply by his/her foot. Therefore, the driver 
is informed of a restart request of the engine 10 by 
depression of the clutch pedal. When a door of the vehi- 
cle is opened under an idle stop mode, the warning 
device 3 infonns the driver that the engine idling is 
stopped by alarm sounds or by turning on a lamp (or 
lamps) used for indication of the idle stop mode. 
[0036] Next, overall operations of the vehicle will be 
described in connection with the engine automatic start 
stop control apparatus, which is configured in accord- 
ance with the first embodiment of the invention. 
[0037] Firstly, a description will be given with 
respect to an engine running mode in which the vehicle 
runs with driving power of the engine 1 0. 
[0038] When the driver depresses the pedal 20 by 
his/her foot, signals con-esponding a type of the pedal 
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being depressed are forwarded to the engine ECU 1 8 
by way of the signal line 20a. In response to the signals, 
the engine ECU 18 outputs control signals to the engine 
1 0 by way of the signal line 1 8a. That is, the engine ECU 
18 controls fuel supply and ignition timing to control 
operations of the engine 10. 

[0039] The engine 10 outputs signals representa- 
tive of engine speed, air intalce passage pressure and 
water temperature to the engine ECU 1 8 by way of the 
signal line 1 0a. Based on those signals, the engine ECU 
18 controls operations of the engine 10 over the signal 
line 18a. In addition, the motor/generator 16 generates 
electric power in response to rotations of the engine 1 0. 
The electric power generated by the motor/generator 1 6 
is supplied to the battery 26 by way of the power drive 
unit 24, so that the battery 26 is being electrically 
charged. In addition, the electric power is also delivered 
to the battery 30 by way of the downverter 28, so that 
the battery 30 is being electrically charged as well. The 
cun-ent detector 31 detects electric cun'ents that flow 
from the power drive unit 24 to the battery 26, so that a 
detection result is fonvarded to the battery ECU 32. 
[0040] Secondly, a description will be given with 
respect to a motor running mode in which the vehicle 
runs with driving power of the motor/generator 1 6. 
[0041] When the driver depresses the pedal 20 
(i.e.. acceleration pedal) by his/her foot, the engine ECU 
18 produces a control signal based on a depression 
angle of the acceleration pedal if the remaining battery 
charge of the battery 26 is greater than a prescribed 
value. The control signal is supplied to the motor ECU 
22 by way of the signal line 18b. Thus, the motor ECU 
22 outputs a control signal to the power drive unit 24, 
which controls rotations of the motor/generator 1 6. 
[0042] As described above, outline operations are 
described with respect to the engine running mode in 
which the vehicle is driven only by the engine 1 0 and the 
motor running mode in which the vehicle Is driven only 
by the motor/generator 16. Concretely speaking, the 
engine idling is controlled to be stopped by the engine 
ECU 18 in response to conditions being established by 
signals output from sensors and switches as well as 
outputs of the air conditioner ECU 21, motor ECU 22 
and battery ECU 32. That is, the engine idling is 
stopped under a prescribed idle stop condition, or the 
engine is restarted under a prescribed engine restart 
condition, for example. 

[0043] Next, descriptions will be given with respect 
to controls for the engine idling to be stopped or 
restarted. 

[0044] To reduce exhaust gas and improve drivabil- 
ity (or manual operation to handle the vehicle), the 
engine automatic start stop control apparatus of the 
present embodiment stops and restarts the engine 
idling under the following conditions. 



1.0 

(1) Engine stop during deceleration 

[0045] The apparatus automatically stops the 
engine in response to a driver's intention to stop the 
5 vehicle which is detected underthe following conditions: 

(i) The driver continues depressing the brake pedal 
while running speed of the vehicle is under pre- 
scribed speed. 

10 (ii) The driver depresses the clutch pedal while 
engine speed is under prescribed speed. 

For example, the apparatus automatically stops the 
engine if the driver continues depressing the brake 

15 pedal while the running speed of the vehicle is under 30 
km/h, or if the driver depresses the clutch pedal while 
the engine speed is under 1000 rpm. Even if the engine 
is automatically stopped because of the aforementioned 
conditions being established, the engine is restarted 

20 when the driver changes a gear. The engine is also 
restarted if the vehicle is not completely stopped so that 
the vehtele still continues running. 

(2) Idle stop of the engine of the vehicle which is 
25 stopped 

. [0046]. . The apparatus automatically stops the 
. . engine Jn response. to a- driver's intention to stop the 
' :vehicle which is^detected when the driver depresses the 

30 clutch pedal or shifts gear to neutral at a low running 
speed which is tower than a prescribed running speed. 
For example, the engine is stopped when the driver 
depresses the clutch pedal or shifts gear to neutral at a 
low running speed which is lower than 5 km/h. Even if 

35 the engine is stopped because of the aforementioned 
conditions being established, the engine is restarted 
when the driver changes gear The engine is also 
restarted if the vehicle is not completely stopped so that 
the vehicle still continues running. Controls of this mode 

40 (2) are performed independently of controls of the afore- 
mentioned mode (1 ). That is, the present embodiment is 
not designed such that the engine is restarted after the 
engine is stopped by the controls of the aforementioned 
mode (1), then, the engine is stopped again by the con- 

45 trols of this mode (2). In other words, the controls of this 
mode (2) are used to certainly stop the engine even if 
the foregoing conditions of the mode (1) are not estab- 
lished because the driver makes a special operation 
such that the vehicle is decelerated by depression of the 

so clutch pedal only at a running speed of 40 km/h, for 
example. 

(3) Idle stop inhibition of the engine after restarting 

55 [0047] This mode is provided to cope with a special 
gear-change operation in which the driver puts gear to 
neutral again after the vehicle restarts to run under an 
in-gear state. That is, the apparatus allows the engine 
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idling to be stopped in response to the gear-change 
operation at once. However, if the driver nnal<es the 
gear-change operations two times or more, the appara- 
tus inhibits the engine idling from being stopped until the 
running speed of the vehicle reaches a prescribed 
speed, e.g., 3 km/h. Under congestion, the driver fre- 
quently repeats stop-and-go operations in which the 
vehicle runs a small distance at a low speed, then, the 
vehicle is stopped by shifting gear to neutral, if such 
operations are continuously repeated under an engine 
stop mode in which the engine is stopped so that the 
vehicle runs with driving power of the battery, electric 
power of the battery would be greatly consumed. For 
this reason, the present apparatus is designed in princi- 
ple to allow the engine idling to be stopped in response 
to a single gear-change operation in which the driver 
shifts gear to neutral if the vehicle restarts to run under 
an in-gear state but running speed does not reach the 
prescribed speed. However, the present apparatus 
inhibits the engine idling from being stopped if the vehi- 
cle restarts to run again under the in-gear state, then, 
the driver shifts the gear to neutral again before the run- 
ning speed reaches the prescribed speed. 
[0048] The above describe basic controls for the 
engine idling to be stopped and restarted. The present 
embodiment is designed to perform more precise con- 
trols, which will be described below. 



[0052] For example, the warning device 34 turns on 
and off the lamp when the driver leaves his/her foot off 
from the clutch pedal so that the clutch is placed in a full 
close state under a condition where the engine idling is 

5 controlled to be stopped with respect to the vehicle 
which is stopped. Restarting the engine Is not necessar- 
ily made only by the driver's intention to restart the vehi- 
cle. That is, the engine Is also restarted if the remaining 
battery charge of the battery 26 becomes lower than the 

10 prescribed value, which is described in connection with 
the aforementioned mode (4). Incidentally, the engine is 
not restarted unless the driver depresses the clutch 
pedal. Hence, the apparatus infomns the driver of an 
engine restart request In response to depression of the 

15 clutch pedal. 

(6) Alarm sound 

[0053] This is provided to cope with mistaken 
20 assumption in which the driver mistakenly judges that 
the vehicle is completely stopped because the engine 
idling is stopped. In this case, the waming device 34 
infomris the driver of the idle stop mode by producing 
alamn sound or by turning on the lamp indicating the idle 
25 stop mode. 

(7) Cooperation with air conditioner . , . 



(4) Sudden. accelenation measure 

[0049] This measure is provided to prevent the 
vehicle from suddenly starting, regardless of the driver's 
intention, because of idle stop release conditions of the 
engine being established during an idle stop mode. 
Under the condition where the driver depresses the 
clutch pedal to put gear to neutral during the Idle stop 
mode, the present apparatus allows the engine to 
restart in response to following operations: 

(I) The driver depresses the acceleration pedal. 

(II) The remaining battery charge Is reduced to be 
lower than a threshold. 

(lii) The air conditioner requests to restart the 
engine. 

[0050] The present embodiment does not control 
the engine to restart merely in response to neutral gear. 
Because, it is necessary to avoid a sudden start of the 
vehicle having a trouble in which a switch detecting 
"neutral" malfunctions due to some errors to normally 
output a signal declaring "neutral". 

(5) Idle stop communication 

[0051] In order to communicate the driver that the 

apparatus stops the engine idling, the warning device 
34 (see FIG. 2) turns on and off the lamp to Indicate that 
the engine idling is stopped. 



[0054] The apparatus makes a decision asv^to^! 

30 whether the engine idling is stopped or not in response 
to operating conditions of the air conditioner. Normally, 
the air conditioner is provided to control an Interior tem- 
perature of the vehicle. If the driver feels that the interior 
temperature is very low or high, the driver operates the 

35 air conditioner to rapidly decrease or Increase the tem- 
perature. In this case, if the apparatus has a priority In 
consumption of the electric power of the battery by 
which the air conditioner is controlled to be stopped 
under the idle stop mode, comfortableness of the vehi- 

40 cle is damaged. To cope with such a disadvantage, the 
apparatus controls the engine idling to be stopped, or 
the apparatus disregards the operating conditions of the 
air conditioner. 

45 (8) Control based on detection result of brake master 
power negative pressure sensor 

[0055] Cars In these days are generally equipped 
with servo devices that assist drivers to reduce depres- 

50 sion pressures being applied to brake pedals. If the 
driver continues depressing the brake pedal under an 
engine stop mode, the servo device is decreased In 
negative pressure so that servo assistance to depres- 
sion of the brake pedal is corespondingly decreased. 

55 This makes the driver to need a great depression pres- 
sure being applied to the brake pedal. In this case, the 
apparatus starts the engine to secure sufficient negative 
pressure for the servo device of the brake. 
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(9) improvement of manual operation to handle the 
vehicle 

[0056] In order to improve manual operations for 
the driver to handle the vehicle, there are provided two 
types of controls by the apparatus. That is» the first type 
of control is to inhibit the engine idling from being 
stopped for a prescribed time (e.g.» two minutes) after 
the driver turns on an ignition switch. The second type 
of control is to inhibit the engine idling from being 
stopped in a reverse in-gear state in which the driver 
selects a reverse gear. It is necessary to perform the 
first type of control because of the following reasons: 
[0057] Nomnally, the engine remains wamri for an 
hour or so after the driver stops the vehicle in a parking 
place, so it is possible to stop the engine idling. In gen- 
eral, the driver may be obligated to slow down the vehi- 
cle in the parking place, in other words, it is inconvenient 
for the driver that the apparatus repeats to stop and 
restart the engine idling while the vehicle moves in the 
parking place at a low speed. To cope with such an 
Inconvenience, the apparatus employs the first type of 
control to improve functions thereof. 
[0058] It is necessary to perform the second type of 
control because of the following reasons: 

In order to put the vehicle into a garage, the driver 
repeats fonward and backward movements of the 
vehicle. So, it is inconvenient for the driver that the 
apparatus stops the engine idling every time the 
vehicle moves forward or backward. To cope with 
such an inconvenience, the apparatus employs the 
second type of control to improve functions thereof. 

[0059] Next, idle stop conditions and restart condi- 
tions of the engine will be described with reference to 
Figures 3A and SB. Specifically, FIG. 3A is a logic dia- 
gram showing the idle stop conditions of the engine, and 
FIG. SB Is a logic diagram showing the restart condi- 
tions of the engine. 

[0060] In FIG. 3A, conditions CA1 S to CA1 5 are log- 
ically connected together t>y an AND operator OPS. In 
addition, a condition CA12 and an output of the AND 
operator OPS are logically connected together by an 
OR operator OP2. Further, an output of the OR operator 
0P2 and conditions CA1 to CA11 are logically con- 
nected together by an AND operator 0P1. Thus, the 
AND operator 0P1 outputs a signal implementing the 
engine idling to be stopped. That is, the apparatus stops 
the engine idling when alt the conditions CA1 to CA1 1 
and the conditions CA13 to CA15 are established or 
when all of the conditions CA1 to CA1 1 and the condi- 
tion CA12 are established. 

[0061] Specifically, the condition CA1 is established 
when a prescribed time (e.g., two minutes) elapses after 
a starter switch is turned on. This condition CA1 is used 
for the first type of control described in (9). The condi- 
tion CA2 is established when the vehicle is ready for 



starting using only the motor/generator 16 shown in 
FIG. 2. In the case of the hybrid vehicle, only the 
motor/generator 16 is frequently used to restart the 
vehicle after the engine idling is stopped in order to 

5 reduce exhaust gas. Therefore, the condition CA2 con- 
structs a precondition for the idle stop of the engine. 
[0062] The condition CAS is established If remain- 
ing battery charge of the battery 26 belongs to a pre- 
scribed range of electricity, which is a range between 

10 30% and 40% against full battery charge, for example. 
Like the aforementioned conditions CAS, the hybrid 
vehicle frequently uses only the motor/generator 16 to 
restart after the engine idling is stopped in order to 
reduce exhaust gas. Therefore, the condition CAS con- 

15 structs a precondition for the idle stop of the engine. 
[0063] Next, a description will be given with respect 
to remaining battery charge of the battery 26. Generally 
speaking, the battery 26 has different characteristics in 
connection with high and low remaining battery 

20 charges. Under the high remaining battery charge (e.g., 
80% or more of the full battery charge), an output volt- 
age of the battery 26 increases substantially In propor- 
tion to the remaining battery charge. Under the low 
remaining battery charge (e.g., 20% of the full battery 

25 charge), an output voltage of the battery 26 decreases 
in proportion to the remaining battery charge. If the 
. . . f remaining, battery. charge is moderate or appropriate, in 

. ' Other words, .if the remaining battery charge belongs to 
• < ' a- prescribed range of electricity between 20% and 80% 

30 against the full battery charge, the output voltage of the 
battery 26 is retained substantially constant. For practi- 
cal use, such a range of electricity is used for the battery 
26. As described above, the practical use range of elec- 
tricity of the battery is determined in connection with the 

35 remaining battery charge. In order to ease controls with 
regard to accumulated electricity, the present embodi- 
ment provides three different control zones (or ranges) 
in consideration of the remaining battery charge of the 
battery 26 and consumption of electricity of the battery 

40 30. 

[0064] The present embodiment sets various con- 
trol zones in response to remaining battery charge 
(SOC) of the battery 26, which will be described with 
reference to Figures 4A and 4B. FIG. 4A is used to 
45 explain decisions as to whether the engine idling is 
stopped or not in a nomial running mode of the vehicle. 
FIG. 4B is used to explain decisions as to whether the 
engine is restarted or not during an idle stop mode of 
the engine. 

so [0065] FIG. 4A shows three zones for the decisions 
whether to stop the engine idling or not, wherein those 
zones are mainly classified in consideration of the 
remaining battery charge of the battery 26 and con- 
sumption of electricity of the battery 30. That is, a first 

55 zone Zt designates allowance of execution of the idle 
stop of the engine because the remaining battery 
charge of the battery 26 is high. A second zone Z2 des- 
ignates inhibition of the idle stop of the engine because 
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consumption of electricity of the battery 30 is small and 
the remaining battery charge of the battery 26 is rela- 
tively low. A third zone Z3 designates inhibition of the 
idle stop of the engine because the consumption of 
electricity of the battery 30 is large. 5 
[0066] in a graph of FIG. 4A, three values are plot- 
ted as SI , S2, S3 on a vertical axis with respect to the 
remaining battery charge (SOC). Herein, SI designates 
a lower limit in a use zone of the battery 26, e.g., 20%. 
82 designates a boundary used for determination of 10 
execution of the idle stop of the engine if the consump- 
tion of electricity of the battery 30 is relatively small. In 
addition, two values are plotted as 1^, \2 on a horizontal 
axis with respect to the consumption of electricity of the 
battery 30, which is represented using amounts of cur- 15 
rents (Ampere) being consumed. The aforementioned 
values 82, S3 and the values I1, 12 are used for determi- 
nation whether to stop the engine idling if the consump- 
tion of electricity of the battery 30 becomes large. That 
is, four parameters are used to control the idle stop of 20 
the engine if the consumption of electricity of the battery 
30 becomes large. This is because the remaining bat- 
tery charge of the battery 26 is reduced in a short period 
of time if the consumption of electricity of the battery 30 
becomes large. For this reason, the present embodi- 25 
ment gives strict conditions for allowance of execution of 
the idle stop of the;engine. That is, the present embodi- 
ment makes, every, effort to prevent the remaining bat- 
tery charge from being-reduced in a short period of time 
by allowance of execution of the idle stop of the engine 30 
if the remaining battery charge is relatively high. 
[0067] In FIG. 3, the conditions CA4, CAS are used 
for allowance of the idle stop of the engine in response 
to operations of the air conditioner and are established 
If outside air temperature TA and water temperature TW 35 
belong to prescribed ranges of values. Generally, the air 
conditioner operates when the driver intentionally sets 
certain temperature in the driver's seat, if stopping the 
engine idling is made irrelevantly to the operations of 
the air conditioner, there is a possibility in that comfort- 40 
ableness in the interior space of the vehicle is being 
damaged due to the idle stop of the engine. So, it is nec- 
essary to provide the condition CAS. If the idle stop of 
the engine is made, the engine does not discharge high- 
temperature exhaust gas, which is produced due to fuel 45 
combustion, so that the catalyzer is reduced in operat- 
ing temperature. Temperature reduction of the catalyzer 
brings an increase of discharge gas. The condition CA4 
is used to avoid temperature reduction of the catalyzer 
so that the discharge gas will not be increased. This so 
condition is related to controls of the aforementioned 
mode (7). 

[0068] Next, relationships between the conditions 
CA4 and CAS wilt be described with reference to Fig- 
ures 5A and SB. FIG. 5A shows conditions as to 55 
whether the idle stop of the engine is executed or not if 
the driver stops the air conditioner. FIG. SB shows con- 
ditions as to whether the idle stop of the engine is exe- 
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cuted or not if the air conditioner is operating. Both of 
Figures SA, SB show two zones, namely, Z^^ designates 
execution of the idle stop of the engine, and Z^2 desig- 
nates disallowance of the idle stop of the engine. Inci- 
dentally, each of graphs of Figures SA, SB is defined by 
a vertical axis representing engine water temperature 
and a horizontal axis representing outside air tempera- 
ture. 

[0069] If the air conditioner is stopped, comfortable- 
ness of the interior space of the vehicle is not damaged 
so much even if the idle stop of the engine is executed 
to stop the compressor of the air conditioner In this 
case, the present embodiment performs controls in con- 
sideration of reduction of operating temperature of the 
catafyzer. In FIG. SA, if the engine water temperature is 
under a value TW1 (which is plotted on the vertical 
axis), the present apparatus does not execute idle stop 
of the engine so that the engine 10 is running continu- 
ously. This is a basic control of the apparatus if the air 
conditioner is stopped. If outside air temperature is 
lower than a preset value TA1 (which is plotted on the 
horizontal axis), it is observed that the operating tem- 
perature of the catalyzer is reduced at a rapid pace over 
a lapse of time. To cope with it, the present embodiment 
sets a value TW2 which is higher than the value TW1 
with respect to the engine water temperature. That is, if 
the outside air temperature is under the preset . value: . 
TA1, the apparatus executes idle stop of the engineJl.-ji' 
the engine water temperature is equal to or higher than sf *' 
the value TW2. In a temperature range in which the out- 
side air temperature decreases from TA2 to TA1, the 
zone Z^^ allowing execution of the idle stop of the 
engine is nan'owed in response to a slope between 
TW1 and TW2 with respect to the engine water temper- 
ature. Thus, it is possible to suppress reduction of the 
operating temperature of the catalyzer by increasing an 
operating time of the engine. Incidentally, the values 
TA1 and TA2 of the outside air temperature are set at 
1S**C and 20°C respectively, while the values TW1 and 
TW2 of the engine water temperature are set at SO^C 
and 75®C respectively. 

[0070] If the air conditioner is operating, it is neces- 
sary to control the idle stop of the engine in considera- 
tion of the comfortableness of the Interior space of the 
vehicle and the temperature reduction of the catalyzer. 
That is, if the outside air temperature is very low or very 
high, the apparatus does not execute the idle stop of the 
engine in consideration of the comfortableness of the 
interior space of the vehicle. In FIG. SB, if the outside air 
temperature is under TAO or if it is equal to or higher 
than TA3 (where values TAO, TA3 are both plotted on the 
horizontal axis), the apparatus does not execute the idle 
stop of the engine. In addition, if the engine water tem- 
perature is under the value TW2, the apparatus does 
not execute the idle stop of the engine in consideration 
of the temperature reduction of the catalyzer Inciden- 
tally, the values TAO and TA3 of the outside air tempera- 
ture are set at lO^C and 30^C respectively, for example. 
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[0071] In FIG. 3A, the condition CA6 is established 
if the driver puts the gear to ones other than reverse. It 
is described before that in order to put the vehicle into a 
garage, the driver drives the vehicle to repeatedly move 
forward and backward. It is inconvenient for the driver to 5 
handle the vehicle if the engine 1 0 is stopped every time 
the vehicle moves backward. For this reason, the appa- 
ratus does not execute idle stop of the engine if the 
driver puts gear to reverse, tn other words, the idle stop 
of the engine is allowed if the driver puts gear to ones w 
other than reverse. This condition is provided for con- 
trols of the aforementioned mode (9). 
[0072] The condition CA7 is determination as to 
whether the throttle (or accelerator) is full close or not, in 
other words, it is determination as to whether the driver is 
depresses the acceleration pedal or not. If the driver 
depresses the acceleration pedal by his/her foot, it is 
necessary to detect a driver's intention to accelerate the 
vehicle, so that the engine 1 0 should be operated. How- 
ever, a full close state of the throttle (or accelerator) is 20 
judged as one condition for detemnination of the driver's 
intention to stop the vehicle, so it is used as one condi- 
tion for determination of the idle stop of the engine. The 
condition CAS is established if the air conditioner does 
not issue an operation request signal of the engine 10. 25 
Some setting of the air conditioner gives a highest prior- 
ity in controlling the interior temperature of the vehicle to. > , 
be set in a designated manner. In this case, the air con- ■ : : 
ditioner ECU 21 outputs an operation request signal otuv ' ■. 
the engine 10 to the engine ECU 18. If such an opera- 30 
tion request signal is output, it Is necessary to operate 
the engine 10 so that the compressor is activated. In 
that case. It is impossible to execute idle stop of the 
engine. This condition is one of conditions used for con- 
trols of the aforementioned mode (7). 35 
[0073] The condition CA9 is established if all of 
switches for the neutral gear, clutch pedal and brake 
pedal operate nomrialty. If troubles occur on those 
switches, there is a probability in that the vehicle oper- 
ates against the driver's intention. So, It Is necessary to 40 
make a decision as to whether those switches operate 
normally or not in consideration of engine speed, gear 
change and running speed. This condition is one of con- 
ditions used for controls of the aforementioned mode 
(4). 45 
[0074] The condition CA10 is detemnination as to 
whether pulse signals indicating running speed of the 
vehicle are nomnally output or not. As described before, 
the wheels 14 are equipped with pulse generators each 
of which generates a pulse per each rotation. So, the so 
engine ECU 18 calculates the running speed of the 
vehicle in response to intervals of time between pulses. 
Idle stop of the engine Is executed even if the vehicle is 
stopped. If the pulse generator(s) goes wrong, the 
engine ECU 18 may detemriine that the vehicle Is 55 
stopped even when the vehicle Is actually accelerated. 
In that case, the apparatus makes a mistake to execute 
the idle stop of the engine. The condition CA10 is pro- 



vided to prevent the Idle stop of the engine from being 
mistakenly executed. The condition CA1 1 is detemnina- 
tion as to whether the running speed of the vehicle is 
under a prescribed value (e.g., 3 km/h) or not. This con- 
dition is used for determination as to whether the vehi- 
cle is stopped or not. 

[0075] The condition CA12 is determination as to 
whether the driver puts gear to neutral or not. The con- 
dition CA13 is detemnination as to whether the driver 
depresses the clutch pedal by his/her foot or not. In 
order to stop the vehicle, the driver frequently puts gear 
to neutral while depressing the clutch pedal. Therefore, 
the aforementioned conditions are used for detemnina- 
tion whether to execute the idle stop of the engine. 
[0076] The condrtions CA14, CA15 are related to 
determination as to whether the driver puts gear to ones 
other than first. In the idle stop inhibition after restarting 
of the aforementioned mode (3), the apparatus controls 
the idle stop of the engine not to be executed if the 
driver repeats the foregoing gear-change operations in 
which the driver puts gear to neutral again when the 
running speed does not reach the prescribed speed 
after the vehicle starts running In the in-gear state. In 
order to execute the idle stop of the engine, it is neces- 
sary to make determination whether the driver puts gear 
to ones other than first and whether the running speed 
of the -vehicle is increased to be equal to or higher than 
the prescribed speed. 

'[0077] Next, a description will be given with respect 
to conditions for restarting the engine under the idle 
stop mode with reference to FIG. 3B. 
[0078] In FIG. 3B, conditions CB6 to CB1 0 are logi- 
cally connected together by an OR operator 0P15. An 
output of the OR operator 0P15 and conditions CB4, 
CBS are logically connected together by an AND opera- 
tor OP14. Conditions CB2 and CB3 are logically con- 
nected together by an AND operator OP12. An output of 
the AND operator OP12, an output of the OR operator 
OP14 and a condition CB11 are logically connected 
together by an OR operator 0P13. An output of the OR 
operator 0P13 and conditions CB1, CB12 are logically 
connected together by an AND operator 0P11. Thus, 
the AND operator 0P11 outputs a signal instructing 
restart of the engine. 

[0079] The condition CB1 is detemnination as to 
whether the engine idling is stopped or not. Restarting 
the engine is made after the idle stop of the engine, 
hence, it is natural to introduce the condition CB1 for 
detemnination of engine restart. The condition 062 is 
detemnination as to whether the driver depresses the 
clutch pedal by his/her foot or not. The condition 063 is 
detection of a gear change being made by the driver. 
Those conditions 062. 063 are included In conditions 
for restarting the engine because the driver normally 
depresses the clutch pedal and changes gear in order 
to start the engine. 

[0080] The condition 064 is detemnination as to 
whether the driver depresses the clutch pedal by his/her 



10 



19 



EP1 077 149 A2 



20 



foot or not. The condition CBS is detection as to whether 
the driver puts gear to neutral or not. 
[0081] The condition CB6 is determination as to 
whether the accelerator (or throttle) is fully opened or 
not The condition CBS is logically connected together 
with the conditions CB4. CBS by way of the AND opera- 
tor OP14 and the OR operator 0P15. This logic Is pro- 
vided to detect a specific condition where the driver 
depresses the clutch pedal while putting gear to neutral 
under the idle stop condition. So, if the driver depresses 
the acceleration pedal under such a specific condition, 
the apparatus determines that the driver has an inten* 
tion to start the engine 10, so that the apparatus con- 
trols the engine 10 to restart. In that case, if the driver 
performs the aforementioned operations but fails to 
restart the engine 10, the driver feels that an engine 
trouble occurs. In order to ease Inconvenience in han- 
dling the vehicle, the apparatus certainly controls the 
engine 10 to restart when the aforementioned condi- 
tions are established. 

[0082] The condition CB7 is determination as to 
whether after the vehicle is stopped, running speed 
becomes greater than a prescribed speed (e.g.. 3 km/h) 
or not. The condition CBS is determination as to 
whether the driver performs a so-called pumping brake 
technique or not. If the driver performs pumping brake 
operations during .the idle.stop mode',4he servo device 
is somewhat weakened in.rnegative - pressure source 
thereof so that depression pressure being applied to the 
brake pedal should be increased to certainly depress 
the brake pedal. The condition CBS is provided to avoid 
such a weakening phenomenon of the servo devtoe. 
Incidentally, the condition CBS is provided for controls of 
the aforementioned mode (8). 
[0083] The condition CB9 is determination as to 
whether remaining battery charge of the battery 26 is 
under 25% against full battery charge or not If the 
apparatus continues the Idle stop mode under low 
remaining battery charge, the electric loads 29 (see 
FIG. 2) consume electricity of the battery 30 so much. 
To maintain a certain level of remaining battery charge 
of the battery 30, electric charging of the battery 30 is 
effected by the battery 26 via the downverter 28. If such 
charging operation is continued for a long time, remain- 
ing battery charge of the battery 26 becomes too small 
to restart the engine 10. To avoid such a drawback, 
reduction of the remaining battery charge construct one 
condition for restarting the engine. This condition is one 
of conditions for controls of the aforementioned mode 
(4). 

[0084] Next, a description will be given with respect 
to remaining battery charge for restarting the engine 
with reference to FIG. 4B. FIG. 4B shows relationships 
between the remaining battery charge (or SOC) of the 
battery 26 and consumption of electricity of the battery 
30. In response to the remaining battery charge, the 
present embodiment sets three control zones, namely, 
Za, Zq and Zq. That is, the zone Zq designates engine 



restart which is compulsorily carried out because the 
remaining battery charge is low. The zone Zg desig- 
nates idle stop inhibition In which the apparatus inhibits 
idle stop of the engine from being executed even if com- 

5 pulsory restart of the engine is not required because the 
battery 26 is sufficiently charged by the engine being 
compulsorily restarted. This is supported by assump- 
tion that a time required for compulsorily restarting the 
engine becomes short by execution of idle stop of the 

10 engine even if the battery 26 is charged by the engine 
being compulsorily restarted so that the remaining bat- 
tery charge thereof becomes higher than a prescribed 
value SI (which is plotted on a vertical axis). That is, it 
is expected that the apparatus frequently repeats to 

75 stop and restart the engine idling even if the remaining 
battery charge is higher than S1 . This deteriorates driv- 
abifity and manual operations to handle the vehicle. 
Because of the reasons described above, the present 
embodiment inhibits the idle stop of the engine from 

20 being executed with respect to the zone Zq of the 
remaining battery charge. The zone Z^ designates 
allowance of idle stop of the engine being executed after 
compulsory restart of the engine. In this zone Za in 
whteh the remaining battery charge is high, it is 

25 expected that the apparatus does not frequently repeats 
stop and restart of the engine 1 0 even if the idle stop of 
the engine is executed. For this reason, the present 
embodiment allows execution of the idle stop of the 
engine with respect to the zone Z^. 

30 [0085] The condition CB10 is determination as to 
whether the air conditioner issues an engine restart 
request or not. This condition Is provided to maintain 
comfortableness of the interior space of the vehicle, in 
other words, it is one of conditions for controls of the 

35 aforementioned mode (4). The condition 081 1 is deter- 
mination as to whether the driver depresses the clutch 
pedal while depressing the brake pedal or determina- 
tion as to whether brake master power negative pres- 
sure becomes equal to or greater than a prescribed 

40 value in gauge pressure under the neutral gear One 
example of the prescribed value in gauge pressure is - 
2S0 mmHg. The condition CB1 1 is used for controls of 
the aforementioned mode (8). 
[0086] The condition CB12 is determination as to 

45 whether after the driver leaves his/her foot off from the 
clutch pedal to establish an In-gear state, the driver 
depresses the clutch pedal again or not. In order to start 
the vehicle, the driver generally depresses the clutch 
pedal deeply to establish an in-gear state, then, the 

50 driver depresses the acceleration pedal while releasing 
his/her foot from the clutch pedal. In order to start the 
vehicle in a hurry, the driver frequently conducts opera- 
tions to release the clutch pedal and establish the in- 
gear state simultaneously. In such a situation, if the 

55 driver fails to timely start the engine. It Is impossible to 
obtain sufficient acceleration in starting the vehicle. For 
this reason, the present embodiment detemnines that 
the driver makes a mistake In manual operations when 
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the driver depresses the clutch pedal again after releas- 
ing his/her foot from the clutch pedal to establish the in- 
gear state. In that case, the apparatus allows the engine 
to restart. 

[0087] As described above, the present embodi- s 
ment sets a variety of conditions for detemrimation of the 
idle stop and restart of the engine. In order to Improve 
fuel efficiency, the apparatus perfomns a fuel stop con- 
trol to the engine 1 0 during deceleration. This is called a 
fuel cut, which will be referred to as "deceleration F/C. io 
[0088] Next, a description will be given with respect 
to conditions for the fuel stop control. Figures 6A and 6B 
show summaries of fuel stop control conditions and res- 
toration conditions in accordance with the present 
embodiment. Specifically, FIG. 6A shows the fuel stop is 
control conditions, and FIG. 6B shows restoration con- 
ditions. 

[0089] In FIG. 6B, conditions CC12 to CC16 are 
logically connected together by an AND operator OP22. 
An output of the AND operator OP22 and conditions 20 
CC1 to CC11 are logically connected together by an 
AND operator OP21 . In short, only when all the condi- 
tions CC1 to CC16 are established, the deceleration 
F/C is carried out or continued. 

[0090] The conditions CC1 to GC10 shown in FIG. 25 
6A are respectively identical to the foregoing conditions 
GA1 to CA10 shown in FIG. 3A. The condition CC1 1 Is 
determination as to whether running speed of the vehi- 
cle is under a prescribed value or not. Herein, the pre- 
scribed value of the running speed is set at 30 km/h, for 30 
example. The conditions CG12 is determination as to 
whether deceleration is equal to or greater than a pre- 
scribed value or not. Herein, the prescribed value of the 
deceleration is set at 0.05G, for example. This condition 
CGI 2 is used to determine whether the vehicle running 35 
is decelerated or not. The condition CC13 is determina- 
tion as to whether the driver depresses the clutch pedal 
or not. In order to stop the vehicle, the driver generally 
depresses the clutch pedal by his/her foot. Therefore, 
the condition CC13 is listed as one of conditions for 40 
determination as to whether the driver operates the 
vehicle to stop or not. 

[0091] The condition CC14 is determination as to 
whether the driver puts gear to ones other than first or 
not A first gear is selected when all of the conditions 45 
CC1 to CC12 are established. The first gear is used 
even when the driver does not intend to stop the vehicle. 
Therefore, the present embodiment uses the condition 
CGI 4 for determination of the deceleration, so that 
selecting the first gear is detected not to perform the so 
deceleration F/C. The condition CGI 5 is determination 
as to whether the driver depresses the brake pedal by 
his/her foot or not. In order to stop the vehicle, the driver 
generally depresses the brake pedal. Therefore, the 
condition GG15 is listed as one of conditions for deter- ss 
mination as to whether the driver operates the vehicle to 
stop or not. The condition CGI 6 is determination as to 
whether the driver releases his/her foot from the clutch 



pedal or not under a low engine speed where engine 
speed is under an idle speed. 
[0092] Next, the restoration conditions for the decel- 
eration F/G will be described with reference to FIG. 68. 
[0093] In FIG. 68, conditions CD6 to GD10 are log- 
ically connected together by an OR operator OP35. An 
output of the OR operator OP35 and conditions CD4, 
GD5 are logically connected together by an AND opera- 
tor OP34. Conditions GD2 and CD3 are logically con- 
nected together by an AND operator OP32. Outputs of 
the AND operators OP32, OP34 and a condition CD1 1 
are logically connected together by an OR operator 
OP33. An output of the OR operator OP33 and a condi- 
tion GD1 are logically connected together by an AND 
operator 0P31. Thus, the AND operator OP31 outputs 
a signal instructing restart of the engine which is 
restored from the deceleration F/C. 
[0094] The condition GDI is determination as to 
whether the apparatus continues deceleration F/C or 
not. The condition CD2 is determination as to whether 
the driver depresses the clutch pedal by his/her foot or 
not. The condition GD3 is detemnination as to whether 
the driver changes gear or not. Those conditions are 
listed for determination of engine restart in considera- 
tion of nomrial operations of the driver who depresses 
the clutch pedal and makes a gear change in order to 
start the engine. . - -1 , 
[0095] ...The condition ,CD4 is determination as to 
whether the driver depresses the clutch pedal by his/her 
foot or not. The condition CDS is determination as to 
whether the driver puts gear to neutral or not. 
[0096] The condition CD6 is determination as to 
whether the driver changes gear or not The condition 
GD7 is determination as to whether the accelerator (or 
throttle) is opened or not. This condition CD7 is logically 
connected together with the aforementioned conditions 
GD4 and CDS by way of the OR operator 0P3S and the 
AND operator OP34. That is, when the driver depresses 
the acceleration pedal under the conditions where the 
driver depresses the clutch pedal and puts gear to neu- 
tral while deceleration F/C is continued, the apparatus 
determines that the driver intentionally starts the engine 
10 to operate, so that the engine 10 is restored from the 
deceleration F/G and is restarted. If the engine 10 fails 
to start even when the driver performs the aforemen- 
tioned operations, the driver may feel that a trouble 
occurs on the engine 10. In order to improve drivability 
and manual operation to handle the vehicle, the appara- 
tus controls the engine 1 0 to be restored from the decel- 
eration F/C when the aforementioned conditions are 
established. 

[0097] The condition CDS is determination as to 
whether the driver leaves his/her foot from the brake 
pedal or not. The condition CD9 is determination as to 
whether remaining battery charge of the battery 26 is 
under a prescribed value or not Herein, the prescribed 
value of the remaining battery charge is 2S% against full 
battery charge, for example. If the apparatus continues 
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idle stop of the engine under tow remaining battery 
charge of the battery 26, the electric loads 29 (see FIG. 
2) consunne electricity of the battery 30. In order to 
maintain a certain level of electricity of the battery 30, 
the battery 30 is charged by the battery 26 by way of the 
downverter 28. If such charging operation is continued 
for a long time, the remaining battery charge of the bat- 
tery 26 is reduced too much to restart the engine 1 0. To 
avoid such a drawback, reduction of the remaining bat- 
tery charge of the battery 26 is listed as one of restora- 
tion conditions by which the engine 1 0 is restored from 
the deceleration F/C. 

[0098] The condition CD10 is detennination as to 
whether the air conditioner issues a restart request of 
the engine 10 or not. This condition is one of conditions 
for maintaining comfortableness of the interior space of 
the vehicle, in other words, it is one of conditions for 
controls of the aforementioned mode (4). The condition 
CD11 is determination as to whether the driver 
depresses the clutch pedal by his/her foot while 
depressing the brake pedal or detemnination as to 
whether the brake master power negative pressure 
becomes equal to or greater than a prescribed value In 
gauge pressure while the driver puts gear to neutral. 
Herein, the prescribed value is set at -250 mmHg, for 
example. This condition is used for controls of the afore- 
mentioned mode. (8). ... 

[0099] Next, descriptions.will be given with respect 
to control flows for application and actualization of the 
idle stop conditions and restart conditions shown in Fig- 
ures 3A, 3B as well as the conditions for continuing the 
deceleration F/C and restoration conditions shown In 
Figures 6A, 6B. 

[0100] Figures 7 and 8 are flowcharts for determi- 
nation whether to execute Idle stop of the engine or not 
in accordance with the first embodiment of the inven- 
tion. Flows (or routines) of Figures 7 and 8 are called 
from a main routine (not shown) and are executed every 
constant period of time, e.g., every 10 msec. Actually, 
steps of those flows are executed by the engine ECU 1 8 
shown in FIG. 2. A decision whether to execute idle stop 
of the engine is made by a flag F_FCMG which is "1 " in 
Figures 7 and 8. That is, when the flag F_FGMG is "r, 
the apparatus reverts control to the main routine to per- 
form an idle stop control. If "0", the apparatus does not 
perfomi the idle stop control. Initially, the flag F.FCMG 
is set at "0". 

[0101] When the apparatus calls the process of 
FIG. 7 from the main routine, the flow proceeds to step 
SA10 whk:h makes a decision as to whether a pre- 
scribed time elapses from start timing to turn on a 
starter switch (not shown) or not. As the prescribed 
time, a time value of 120 seconds (i.e., two minutes) Is 
set to a variable #TMIDLST In the step SA10. By com- 
parison between the time value and a value of a timer 
T20ACRST, determination is made as to whether the 
prescribed time elapses from the start timing or not. The 
timer T20ACRST starts counting (or measuring) time 



when the starter switch is ON. If a decision result of the 
step SA10 Is "NO", in other words, if the apparatus 
detennines that the prescribed time does not elapse 
from the start timing to turn on the starter switch, the 

5 flow proceeds directly to step SA52 shown in FIG. 8 in 
which a flag F_FCBRK is set to "0". Then, the flow 
reverts control to the main routine. Herein, the flag 
F_FCBRK indicates an OFF event of the brake during 
deceleration F/C being continued. 

10 [0102] If the decision result of the step SA10 is 
"YES", the flow proceeds to step SA12 In which a deci- 
sion is made as to whether a flag F.FCMG is "1" or not. 
The process of Figures 7 and 8 are used to execute idle 
stop by setting the flag F_FCMG to "1". For this reason, 

75 if the flag F_FCI\/IG has been already set to "1", the 
process becomes meaningless. Hence, if a decision 
result of the step SA1 2 is "YES", the flow reverts control 
to the main routine. 

[0103] If the decision result of the step SA12 is 
20 "NO", in other words, If the flag F_FCMG Is "0", the flow 
proceeds to step SAM. 

[0104] In step SA14, a decision is made as to 
whether a second bit (bit 2) of a variable MOTINFO is 
"1 " or not. The second bit of the variable MOTINFO Indi- 

25 cates whether temperature of the battery 26 is under 
0°C or not. The battery ECU 32 sets it if the temperature 
is under O^'C. If a decision result of the step SA14 Is. 
"YES", in other words, if the temperature of the battery 
26 is under 0**C, the flow proceeds directly to step SA52 

30' shown in FIG. 8. In step SA52, the flag F_FCBRK indi- 
cating an OFF event of the brake during the decelera- 
tion F/C being continued is set to "0". Then, the flow 
reverts control to the main routine. 
[0105] If the decision result of the step SA14 is 

35 'NO', In other words, if the apparatus determines that 
the temperature of the battery 26 is higher than O^^C, the 
flow proceeds to step SA1 6. 

[0106] In step SA16, a decision is made as to 
whether a flag F_MOTSTB is set to "1" or not. Herein, 

40 the flag F_MOTSTB indicates whether the vehicle can 
be started with the motor/generator 16 or not. So, the 
motor ECU 22 sets a value of the flag F_MOTSTB in 
response to states of the motor/generator 16. If a deci- 
sion result of the step SA16 is "NO", the flow proceeds 

45 to the step S/V52, wherein the flag F.FCBRK indicating 
an OFF event of the brake during the deceleration F/C 
being continued Is set to "0". Then, the flow reverts con- 
trol to the main routine. 

[0107] If the decision result of the step SA16 is 

50 "YES", the flow proceeds to step SA1 8. 

[0108] In the step SA18, a decision is made as to 
whether a flag F_ESZONEC is set to "1 " or not. This flag 
F_ESZONEC Is used to indicate idle stop inhibition 
because remaining battery charge of the battery 26 

55 belongs to the zone Zb or Zc shown in FIG. 4B. The bat- 
tery ECU 32 (see FIG. 2) sets the flag F_ESZONEC. If 
a decision result of the step SA1 8 Is "YES", the appara- 
tus does not perfonn Idle stop of the engine. So, the flow 
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proceeds to the step SA52, wherein the flag F_FCBRK 
is set to "0". Then, the flow reverts control to the main 
routine. 

[0109] If the decision result of the step SA18 is 
■NO" so that the battery 26 is sufficiently charged to 5 
allow execution of the idle stop of the engine, the flow 
proceeds to step SA20. 

[0110] In step SA20, a decision is made as to 
whether a flag F^TWFCMG is set to "1" or not. Herein, 
the flag F_TWFCMG is used to indicate whether engine w 
water temperature is sufficiently increased to an extent 
that the idle stop of the engine is executed or not. The 
engine ECiJ 18 sets the flag F_TWFCMG. Determina- 
tion as to whether the idle stop of the engine is executed 
or not is made in accordance with the aforementioned is 
relationships between engine water temperature and 
outside air temperature shown in Figures 5A and 5B. 
Such determination will be described below. 
[0111] The present embodiment estimates outside 
air temperature by measuring intake air temperature of 20 
the engine after the vehicle runs for a prescribed tune. 
Using the estimated outside air temperature, the appa- 
ratus calculates water temperature that enables idle 
stop of the engine. Based on comparison between the 
calculated water temperature and actual engine water 25 
temperature, the engine ECU 18 sets flag F_TWFCMG 
to "1" or "0". Details of the aforementioned operations 
will be described below. 

[01 12] FIG. 9 is a flowchart showing steps for deter- 
mination as to whether the estimated outside air tem- 30 
perature belongs to a temperature range enabling idle 
stop of the engine or not. The process of FIG. 9 Is per- 
formed independently and in parallel with the aforemen- 
tioned process of Figures 7 and 8. This process is 
perfomned every prescribed interval of time (e.g., 10 3S 
msec) by the engine ECU 18. 
[0113] When the process of FIG. 9 Is started, the 
flow firstly proceeds to step SI 00 in which a decision is 
made as to whether a variable VP is set to "0" or not. 
Herein, the variable VP stores a number of pulses which 40 
are output from the pulse generator installed in the 
wheel 14 within a prescribed period of time. Namely, the 
variable VP indicates running speed of the vehicle. That 
is, the step S1 00 makes detemnination as to whether 
the vehicle is stopped or not on the basis of the variable 45 
VP If a decision result of the step SI 00 is "YES", the 
flow proceeds to step S1 02, wherein the engine ECU 1 8 
substitutes a variable TMTAFCMG for the variable 
#TMTAFCMG. Herein, the variable TMTAFCMG is used 
to make determination as to whether a prescribed time so 
elapses after the vehicle start running. So, a value set to 
the variable TMTAFCMG is subjected to subtraction in 
response to a lapse of time. In addition, the variable 
#TMTAFCMG stores the value which is set to the varia- 
ble TMTAFCMG. In short, the step 8102 is used for ini- 55 
tial setting of the variable TMTAFCMG. After completion 
of the step SI 02, the flow reverts control to the main 
routine. 



[0114] If the decision result of the step SI 00 Is 
"NO", in other words, if the apparatus detemriines that 
the vehicle is running, the flow proceeds to step SI 04. 
In step SI 04, a decision is made as to whether the var- 
iable TMTAFCMG is set to "0" or not, in other words, a 
decision is made as to whether the prescribed time 
elapses after the vehicle starts running. If a decision 
result of the step SI 04 is "NO", the flow reverts control 
to the main routine. If "YES", the flow proceeds to step 
S106. 

[0115] In step S106, a decision is made as to 
whether outside air temperature TA is equal to or above 
a variable #TAFCMGL or not, wherein the present 
embodiment assumes that the outside air temperature 
is identical to engine intake air temperature. Herein, the 
variable #TAFCMGL designates a lower-limit value in a 
temperature condition for allowing idle stop of the 
engine. For example, it is set to -IC'C. If a decision 
result of the step S106 is "NO", in other words, if the 
apparatus detemnines that the outside air temperature 
is too low to execute the idle stop of the engine, the flow 
proceeds to step SI 08 in which a flag FJTAFCMG is set 
to "0". Then, the flow reverts control to the main routine. 
Herein, the flag F_TAFCMG is related to a temperature 
condition for allowance of the idle stop of the engine to 
be executed. If the flag FJTAFCMG is set to "1 ". the idle 
stop is alloyyed. If "0", the idle sftop is disallowed. 
[0116] . . If a decision result of the step SI 06 is "YES", 
the flow proceeds to step S11 0. 
[0117] In step S1 10, a decision is made as to 
whether the outside air temperature TA is equal to or 
below a variable #TAFCMGH or not. Herein, the varia- 
ble #TAFCMGH designates an upper-limit value of the 
temperature condition for allowance of the idle stop of 
the engine. For example, it is set to 80^C. If a decision 
result of the step S1 10 is "NO", in other words, if the 
apparatus detenmines that the outside air temperature 
is too high to execute the idle stop of the engine, the 
flow proceeds to step SI 08, wherein the flag 
FJTAFCMG is set to "0". Then, the flow reverts control 
to the main routine. If the decision result of the step 
S1 1 0 is "YES", the flow proceeds to step S1 1 2. 
[0118] In step S1 12, the engine ECU 1 8 substitutes 
the outside air temperature TA for a variable TAFCMG. 
Herein, the variable TAFCMG is used for detennination 
of engine water temperature, which is one of conditions 
for detemii nation as to whether the idle stop of the 
engine is executed or not. After completion of the step 
81 12, the flow proceeds to step 81 14 in which the flag 
FJTAFCMG (i.e., a temperature condition for detenmi- 
nation as to whether idle stop of the engine is allowed or 
not) is set to "1". After completion of the step S1 14, the 
flow reverts control to the main routine. 
[01 1 9] Using the aforementioned variable TAFCMG 
which is estimated to represent the outside air tempera- 
ture, the apparatus performs a process for detemnina- 
tion as to whether the engine water temperature 
belongs to a water temperature range allowing idle stop 
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of the engine or not. 

[0120] FIG. 10 is a flowchart showing the process 
for determination as to whether the engine water tem- 
perature belongs to the water temperature range allow- 
ing the idle stop of the engine or not. This process is 5 
performed independently and in parallel with the forego- 
ing processes of Figures 7, 8 and 9. The process of FIG. 
10 is perfomned every prescribed interval of time (e.g., 
1 0 msec) by the engine ECU 1 8. 

[0121] When the process of FIG. 10 is started, the io 
flow firstly proceeds to step S200 in which the variable 
TAFCMG obtained by the process of FIG. 9 is converted 
to a variable TWFCMG with reference to a table show- 
ing relationships between engine water temperature 
and outside air temperature used for detennination as 75 
to whether idle stop of the engine is executed or not 
Herein, the variable TWFCMG indicates engine water 
temperature which is one of conditions for determina- 
tion as to whether the idle stop of the engine is executed 
or not. FIG. 1 1 shows content of the table storing the 20 
relationships between the engine water temperature 
and outside air temperature used for detenrtlnatlon as 
to whether the idle stop of the engine is executed or not. 
FIG. 1 1 shows two zones, namely Z21 and Z22, in con- 
nection with relationships between the variables 25 
TAFCMG and TWFCMG. That is. the idle stop of the 
engine is allowed if those variables lie in the zone.Z^v . 
The idle stop of the engine is inhibited if.those variables , 
lie in the zone Z22. Boundaries between the. zones Z2V - 
and Z22 vary in accordance with a curve BD to actualize 30 
the aforementioned idle stop controls shown in Rgures 
5A and 58. In the process of FIG. 10, conversion is car- 
ried out such that the variable TWFCMG is set to TWx 
when the variable TAFCMG is set to Tax in FIG. 1 1 . 
[01 22] After completion of the step S200 which pro- 35 
duces an engine water temperature TW, the flow pro- 
ceeds to step S202 in which a decision is made as to 
whether the engine water temperature TW is equal to or 
above the variable TWFCMG or not. This step is used to 
determine whether the engine water temperature 40 
belongs to the zone Z21 shown In FIG. 1 1 or not. If a 
decision result of the step S202 is "NO", the flow pro- 
ceeds to step S204 in which the flag F_TWFCMG is set 
to "0". Idle stop of the engine is allowed when the flag 
F^TWFCMG is set to "1 while idle stop of the engine is 45 
disallowed when the flag F_TWFCMG is set to "0". After 
completion of the step S204, the flow reverts control to 
the main routine. 

[0123] If the decision result of the step S202 is 
"YES", the flow proceeds to step S206 in which the flag so 
F_TWFCMGis set to "I". 

[0124] In FIG. 7, if a decision result of the step 
SA20 is "NO", the flow proceeds to step SA52 in which 
the flag F_FCBRK indicating an OFF event of the brake 
during the deceleration F/C being continued is set to 55 
"0". Then, the flow reverts control to the main routine. 
[0125] If the decision result of the step SA20 is 
"YES", the flow proceeds to step SA22 in which a deci- 



sion is made as to whether the flag FJTAFCMG Is set to 
"1" or not. If a decision result of the step SA22 is "NO", 
the flow proceeds to step SA52 in which the flag 
F_FCBRK indicating an OFF event of the brake during 
the deceleration F/C being continued is set to "0". Then, 
the flow reverts control to the main routine. If the deci- 
sion result of the step SA22 is "YES", the flow proceeds 
to step SA24. By the aforementioned steps SA20 and 
SA22, it is possible to determine whether the outside air 
temperature and engine water temperature meet condi- 
tions for allowing the idle stop of the engine or not. 
[0126] In step SA24, a decision is made as to 
whether a flag F_RVSSW is set to "1 " or not. Herein, the 
flag F_RVSSW is set to "1" in a state qf where the driver 
puts gear to reverse, while it is set to "0" in other states. 
If a decision result of the step SA24 is "YES", the flow 
proceeds to step SA26 In which a flag F_RVSREST is 
set to "1". The flag F_RVSREST indicates a change of 
movement of the vehicle in which the vehicle originally 
moving forward is changed to move backward. Once the 
flag F_RVSREST is set to "1 ", it is retained until running 
speed of the vehicle reaches a prescribed speed. 
Namely, the apparatus inhibits idle stop of the engine of 
the vehicle which is moving backward so that the flag 
F_RVSREST is set to "1". After completion of the step 
SA26, the flow proceeds to step SA52 in which the flag 
F_FCBRK indicating an OFF event of the brake during 
: the deceleration F/C being continued is set to "0". Then, 
the flow reverts control to the main routine. If the deci- 
sion result of the step SA24 Is "NO", the flow proceeds 
to step SA2Q. 

[0127] In step SA28, a dedslon Is made as to 
whether a flag F_THIDLMG is set to "1" or not The flag 
F.THIDLMG stores a state of the acceleration pedal. 
So, the flag F.THIDLMG Is set to "1" when the acceler- 
ator (or throttle) is full open (or when the driver 
depresses the acceleration pedal by his/her foot). It Is 
set to "0" when the accelerator is full close (or when the 
driver does not step on the acceleration pedal). If a deci- 
sion result of the step SA28 is "YES" Indicating that the 
driver depresses the acceleration pedal, the flow pro- 
ceeds to step SA52 in order to inhibit idle stop of the 
engine. That is, the flag F_FCBRK indicating an OFF 
event of the brake during the deceleration F/C being 
continued is set to "0". Then, the flow reverts control to 
the main routine. 

[0128] If the decision result of the step SA28 is 
"NO", the flow proceeds to step SA30. 
[0129] In step SA30, a decision is made as to 
whether a flag F_HTRMG is set to "1" or not. The flag 
F_HTRMG stores an idle stop inhibition signal output 
from the air conditioner. So, the flag F_HTRMG Is set to 
"1" when idle stop of the engine is inhibited, while It is 
set to "0" when idle stop of the engine is allowed. If a 
decision result of the step SA30 is "YES", the flow pro- 
ceeds to step SA32. 

[0130] In step SA32, a decision is made as to 
whether the variable VP representing running speed of 
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the vehicle is equal to or above a variable #VIDLST or 
not As described before, the variable VP designates a 
number of pulses which are produced in response to the 
running speed of the vehicle. Therefore, the step SA32 
is used to detennine whether the running speed of the 5 
vehicle is equal to or above a prescribed speed or not. If 
a decision result of the step SA32 is "YES", the flow pro- 
ceeds to step SA52, then, the flow reverts control to the 
main routine. If "NO", the flow proceeds to step SA34 In 
which a flag F_IDLREST is set to "1". The flag 70 
F_IDLREST is used to inhibit idle stop of the engine 
when the vehicle is stopped. Due to the steps SA32 and 
SA34, idle stop of the engine is inhibited by the air con- 
ditioner until the vehicle starts running. After completion 
of the step SA34, the flow proceeds to step SA52, then, 15 
the flow reverts control to the main routine. 
[0131] If the decision result of the step SA30 is 
"NO", the flow proceeds to step SA36 in which a deci- 
sion is made as to whether a flag F_FCMGBAT is set to 
"1" or not Herein, the flag F_FCMGBAT is set to "1" 20 
when remaining battery charge of the battery 26 
belongs to the zone shown in FIG. 4A, while it is set 
to "0" when the remaining battery charge does not 
belong to the zone Z^. incidentally, the flag 
F_FCMGBAT is set by the battery ECU 32. 1 1 a deci- 25 
sion result of the step SA36 is "NO", the flow proceeds 
to step SA52, then, the flow reverts control to the main 
rroutine. If "YES", the flow proceeds to step SA38. 
{0132] In step SA38. a decision is made as to 
whether a flag F_OKNSW is set to "1" or not. In step 30 
SA39, a decision is made as to whether a flag 
F^OKCLSW is set to "1 " or not In step SA40, a decision 
is made as to whether a flag F_OKBRKSW is set to "1 " 
or not. Herein, the flag F_OKNSW indicates ON/OFF of 
neutral gear, the flag F^OKCLSW indicates ON/OFF of as 
the clutch pedal, and the flag F.OKBRKSW indicates 
ON/OFF of the brake pedal. Those flags are set in con- 
sideration of the engine speed, running speed of the 
vehicle, and gear shift. If any one of decision results of 
the steps SA38, SA39 and SA40 is "NO", the flow pro- 40 
ceeds to step SA52, then, the flow reverts control to the 
main routine. Only when all of the decision results of the 
steps SA38 to SA40 are "YES", the flow proceeds to 
step SA42. 

[0133] In step SA42, a decision is made as to 45 
whether a flag F^VPFCMG is set to "1" or not The flag 
F_VPFCMG is set to "1" when an error occurs in pulses 
generated by the pulse generator which is installed in 
the wheel 14. Consider that the pulse generator nor- 
mally generates one hundred pulses per second. In that so 
case, if the pulse generator stops generating pulses at a 
certain moment of time, the apparatus determines that 
an en-or occurs on the pulse generator, so the flag 
F_VPFCMG is set to "1". If a decision result of the step 
SA42 is "YES", the flow proceeds to step SA52, then, ss 
the flow reverts control to the main routine. If "NO", the 
flow proceeds to step SA44 shown in FIG. 8. 
[0134] In step SA44, a decision is made as to 



whether the variable VP storing running speed of the 
vehicle is equal to or above the variable #VIDLST stor- 
ing the prescribed speed (e.g.. 3 km/h) or not The flow 
blanches two ways in response to a decision result of 
the step SA44. If the decision result of the step SA44 is 
"YES", the flow proceeds to a sequence of steps start- 
ing from step SA46 to determine whether to perform 
deceleration F/C or not If "NO", the flow proceeds to 
another sequence of steps starting from step SA70 to 
detemriine whether to allow idle stop of the engine or 
not. 

[0135] Concretely speaking, if the decision result of 
the step SA44 is "YES", in other words, if the running 
speed of the vehicle reaches the prescribed speed or 
more and the apparatus determines that the vehicle 
starts running, the flow proceeds to step SA46 to start 
detemnination as to whether deceleration F/C is contin- 
ued or not That is, in step SA46, a flag F_FCMGV is set 
to "1", the flag F_IDLREST indicating inhibition of idle 
stop of the engine when the vehicle is stopped is set to 
"0", and a variable CNTL is set to "0", The flag 
F_FCMGV Is set to "1" when the running speed of the 
vehicle is once increased high. In other words, this flag 
indicates an event in which the vehicle starts running at 
once. Since the step SA44 determines that the vehicle 
starts running, the flag F_FCMGV is set to "1" in the 
step SA46. The variable CNTL stores a count value, of 
restarts of the vehicle, wherein restart, of the. vehicle is 
detected in response to an in-gear state.^ ^- v • J - v > 
[0136] In step SA4d, a decision is made as to 
whether the variable VP representing the running speed 
of the vehicle is equal to or above a variable #VFCM- 
GST storing a prescribed speed (e.g., 30 km/h) or not If 
a decision result of the step SA48 is "YES", the flow pro- 
ceeds to step S/\50 in which the flag F.RVSREST indi- 
cating backward movement of the vehicle is set to "0". 
After completion of the step SA50, the flow proceeds to 
step SA52 in which the flag F_FCBRK indicating an 
OFF event of the brake during deceleration F/C being 
continued is set to "0". Then, the flow reverts control to 
the main routine. 

[0137] If the decision result of the step SA48 is 
"NO", the flow proceeds to step SA54 in which a deci- 
sion is made as to whether deceleration F/C is contin- 
ued or not That is, the step SA54 makes a decision as 
to whether a flag F_VDEC is set to "1" or not This flag 
is set to "1" when deceleration is equal to or above a 
prescribed value (e.g., 0.05G). If a decision result of the 
step SA54 is "NO", namely, if it is determined that the 
vehicle is not decelerating, the flow reverts control to the 
main routine. If "YES", the flow proceeds to step SA56. 
[0138] In step SA56, a decision is made as to 
whether a flag F_NDLY is set to "1 " or not. The flag 
F_NDLY is set to "1" unless deviation of running speed 
of the vehicle does not exceed a prescribed value. If a 
decision result of the step SA56 is "YES", the flow pro- 
ceeds to step SA68 in which the flag F_FCMG is set to 
"1 ". Then, the flow reverts control to the main routine, so 
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that idle stop of the engine is executed. 
[0139] If the decision result of the step SA56 is 
'NO", the flow proceeds to steps SA58 to SA66 to make 
decisions as to whether flags F^NGRMG, F_CLNE, 
F^FCBRK, F_BKSW and F_CLON are respectively set 5 
to "1" or not. Herein, the flag F^NGRMG is set to "1" 
when the driver selects gears other than the first gear. 
The flag F_CLNE is set to '1' if the engine speed is 
under a prescribed value (e.g., 1000 rpnn) when the 
driver steps on the clutch pedal. The flag F_FCBRK io 
indicates an OFF event of the brake during deceleration 
F/C being continued. The flag F_BKSW indicates that 
the driver presently depresses the brake pedal by 
his/her foot The flag F_CLON is set to "1" when the 
clutch is ON. 15 
[0140] If a decision result of the step SA62 is "YES" 
or if any one of decision results of the steps SA58, 
SA60, SA64 and SA66 is "NO", the flow reverts control 
to the main routine. If the decision result of the step 
SA62 is "NO" and all the decision results of the steps 20 
SA58, SA60. SA64 and SA66 are "YES", the flow pro- 
ceeds to step SAGS in which the flag F^FCMG is set to 
"1". Then, the flow reverts control to the main routine, so 
that idle stop of the engine is executed. 
[0141] If the decision result of the step SA44 is 25 
"NO", in other words, if running speed of the vehicle 
does not reach the prescribed speed or more, the fk>w ... 
proceeds to step SA70 so as to start an idle stop deter-. • 
mination process. In step SA70, a decision Is made as r,, 
to whether the variable CNTL is equal to or above a var- 30 
iable #CNTLFCMG or not. Herein, the variable CNTL 
stores a count value of restarts of the vehicle, wherein 
restart of the vehicle is detected in response to an in- 
gear state. For example, the variable #GNTLFCMG is 
set to "2". If a decision result of the step SA70 is "YES". 35 
the flow reverts control to the main routine. 
[0142] If the decision result of the step SA70 is 
"NO", the flow proceeds to step SA72. In step SA72, a 
decision is made as to whether the flag F_RVSREST is 
set to "1" or not. The flag F_RVSREST indicates a 40 
change of movement of the vehicle in which the vehicle 
moving forward is changed to move backward. If a deci- 
sion result of the step SA72 is "YES", the flow reverts 
control to the main routine. If "NO", the flow proceeds to 
step S A74 in which a decision is made as to whether the 45 
flag F.IDLREST is set to "1" or not. The flag 
FJDLREST designates inhibition of idle stop of the 
engine when the vehicle is stopped. If a decision result 
of the step SA74 is "YES", the flow reverts control to the 
main routine. If "NO", the flow proceeds to step SA76. so 
[0143] In step SA76, a decision Is made as to 
whether the flag F_NDLY is set to "1" or not. The flag 
FONDLY is set to "1" if the driver continues selecting the 
neutral gear for a certain time. If a decision result of the 
step SA76 is "YES", the flow proceeds to step SA68 in 55 
which the flag F_FCMG is set to "1". Then, the flow 
reverts control to the main routine, so that idle stop of 
the engine is executed. 



[0144] If the decision result of the step SA76 is 
"NO", the apparatus executes a series of steps starting 
from step SA78. 

[0145] In step SA78, a decision is made as to 
whether the flag F_FCMGV indicating that the vehicle 
starts running at once is set to "1" or not In step SA80, 
a decision is made as to whether the flag F_NGRMG is 
set to "1" or not. In step SA82, a decision is made as to 
whether the flag F_CLON indicating an ON event of the 
clutch is set to "1 " or not. 

[0146] If any one of decision results of the steps 
SA78, SA80 and SA82 Is "NO", the flow reverts control 
to the main routine. If all the decision results are "YES", 
the flow proceeds to step SA68 in which the flag 
F_FCMG indicating allowance of idle stop of the engine 
is set to "1". Then, the flow reverts control to the main 
routine, so that idle stop of the engine is executed. 
[0147] By the aforementioned steps, the apparatus 
detemnines whether to execute the idle stop of the 
engine or not. 

[0148] Next, a detailed description will be given with 
respect to a process for determination as to whether the 
engine 10 in an idle stop mode is restarted or not 
[0149] Figures 12 and 13 show an engine restart 
detemriination process, in which detemiination is made 
as to whether the engine 10 is restarted or not, in 
accordance with.the flrst embodiment of the invention. 
.The apparatus calls a flow of Figures 12 and 13 to be 
^executed every prescribed time (e.g., 10 msec) from the 
main routine. Speciflcally, the engine ECU 18 (see FIG. 
2} perfonns steps of the flow of Figures 12 and 13. 
Detemiination whether to restart the engine is realized 
by setting the flag F_FCMG to "0" in Figures 12 and 13. 
In the aforementioned flow of Figures 7 and 8, the idle 
stop determination process is performed by setting the 
flag F^FCMG to "1". In the flow of Rgures 12 and 13, 
the engine restart detemiination process is Initiated by 
changing the flag F_FCMG from "1" to "0". 
[01 50] When the apparatus calls the flow of FIG. 1 2 
to be executed flrom the main routine, tiie flow firstly pro- 
ceeds to step SB 10 in which a decision Is made as to 
whether the flag F_FCMG is set to "1 " or not This step 
is required for the process of Figures 12 and 13 to 
change the flag F_FCMG from "1" to "0". That is, this 
step is provided to prevent the apparatus from unneces- 
sarily executing steps if the flag F_FCMG has been 
already set to "0" when the process is started. If a deci- 
sion result of the step SB10 Is "NO", the flow proceeds 
to step SB 12. 

[0151] In step SB12, a decision Is made as to 
whether a flag F_MEOF is set to "1" or not. The flag 
F_MEOF is set to "1" when engine speed is zero. That 
is, this step Is used to make engine stop determination. 
Concretely speaking, if the flag F_FCMG is set to "0", it 
is estimated that the engine is running because idle 
stop of the engine is inhibited. In that case, a decision 
result of the step SB12 is "NO", so that the flow pro- 
ceeds to step SB44 in which a flag F.VSTP is set to "0". 
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Then, in step SB46, a flag F^INGMG is set to "0". 
Thereafter, the flow reverts control to the main routine. 
Incidentally, the flags F_VSTP and F_ INGMG will be 
described later. 

[0152] The step SB12 detemnines that an engine 
stop occurs if the flag F_MEOF is set to "T so that the 
engine speed is zero under inhibition of idle stop of the 
engine. In that case, the decision result of the step 
SB12 is "YES", so the apparatus performs the engine 
restart date rmi nation process. Specifically, the flow pro- 
ceeds to step SB14. The aforementioned situation 
where the engine speed becomes zero under inhibition 
of idle stop of the engine is caused by a careless oper- 
ation of the driver who stops the vehicle in an in-gear 
state, for example. Hence, it is necessary to mal<e a 
preparation to start the vehicle by automatic idle stop or 
restart of the engine. 

[0153] In step SB14, a decision is made as to 
whether a flag F^VCLRUN Is set to "1" or not. The flag 
F_VCLRUN indicates whether the wheel 14 rotates or 
not. That is. the flag F_VCLRUN is set to "1" when the 
wheel 14 rotates. If a decision result of the step SB14 Is 
"YES", the flow proceeds to step SB1 8. If "NO", the flow 
proceeds to step SB1 6 in which the flag F_VSTP is set 
to "1". Herein, the flag F_VSTP indicates whether the 
vehicle Is stopped or not That is, It is set to "1" when the 
. vehicle is stopped. With reference to the flag F_VSTR it 
: is possible .to monitor whether the vehicle is stopped or 
-not in the^past; and it is possible to monitor a number of 
times the vehicle is stopped in the past. 
[0154] In step SB18, a decision is made as to 
whether a flag F_CLSW is set to "1" or not. The flag 
F_CLSW indicates whether the clutch is placed in a dis- 
engagement condition or not, in other words, whether 
the driver depresses the clutch pedal by his/her foot or 
not. So. the flag F_CLSW is set to "1" under the disen- 
gagement condition of the clutch. If a decision result of 
the step SB1 8 is "YES", the flow proceeds to step SB20 
in which a decision is made as to whether the starter 
switch is ON or not. If a decision result of the step SB20 
is "NO", the flow proceeds to step SB36 In which the 
flag FJDLREST indicating inhibition of idle stop of the 
engine when the vehicle is stopped Is set to "1". This 
step is provided to inhibit the idle stop of the engine from 
being executed until the flag F_IDLREST is reset to "0" 
when the vehicle starts running. After completion of the 
step SB36, the flow proceeds to step SB42 by way of 
steps SB38 and SB40. In step SB42, the flag F_FCMG 
is set to "0". After completion of the step SB42, the flow 
proceeds to steps SB44 and SB46 in series, then, the 
flow reverts control to the main routine. Thus, the appa- 
ratus controls the engine 10 to restart. 
[0155] If the decision result of the step SB20 is 
"NO", the flow proceeds to step SB22 in which a deci- 
sion is made as to whether a flag F_1NGMG is set to "1 " 
or not. Herein, the flag FJNGMG indicates whether the 
driver perfomis an in-gear operation or not under an 
engagement condition of the clutch where the clutch is 



engaged (or the driver leaves his/her foot from the 
clutch pedal) while the driver puts gear to neutral. When 
the driver performs the aforementioned operation, the 
flag FJNGMG is set to "1". If a decision result of the 
5 Step SB22 is "YES", the flow proceeds to step SB36 in 
which the flag FJDLREST indicating inhibition of idle 
stop of the engine when the vehicle Is stopped is set to 
"1". 

[0156] By the steps SB22 and SB36, the flag 

10 FJDLREST Indicating inhibition of the idle stop of the 
engine is set to "1" when the starter switch is not ON so 
that the driver establishes an in-gear state after leaving 
from the neutral gear while the driver does not step on 
the clutch pedal. The basic design concept for the idle 

15 stop and restart of the engine is to start the engine 
when the driver makes a gear change while depressing 
the clutch pedal. To start the vehicle in a hurry, the driver 
does not always recognize which of depression of the 
clutch pedal and establishment of the in-gear state is 

20 made first. Actually, the driver selects the in-gear state 
before depressing the clutch pedal. So, if the driver rec- 
ognizes that the in-gear state is established after 
depression of the clutch pedal, the engine does not start 
well. In that case, the driver considers that an engine 

25 trouble occurs. The steps SB22 and SB36 are provided 
to improve drivablllty and manual operation to handle 
the vehicle in order to cope with the aforementioned sitT ., 
uation. That is, the present embodiment ensures that: 
the engine is restarted when the driver depresses the 

30 clutch pedal again. 

[0157] If the decision result of the step SB22 is 
"NO", the flow proceeds to step SB24 in which a deci- 
sion is made as to whether the flag F_VSTP is set to "1" 
or not. Herein, the flag F_VSTP indicates whether the 

35 vehicle is stopped or not. If a decision result of the step 
SB24 is "NO", the flow proceeds to step SB26. When 
the decision result of the step SB24 is "NO", it Is 
assumed that the vehicle has no history of being 
stopped when the driver depresses the clutch pedal, in 

40 other words, the vehicle runs by inertia. In step SB26, a 
decision Is made as to whether the flag F_THIDLMG 
representing a state of the acceleration pedal Is set to 
"1". If a decision result of the step SB26 is "YES", in 
other words, if the driver depresses the acceleration 

45 pedal, the flow proceeds to step SB40 In which the flag 
F_FGBRK indicating an OFF event of the bral<e during 
deceleration F/C being continued is set to "T. In step 
SB42, the flag F_FCMG is set to "0". After completion of 
the step SB42, the flow proceeds to steps SB44 and 

50 SB46, then, the flow reverts control to the main routine, 
so that the apparatus controls the engine 10 to restart. 
In short, when the driver depresses the acceleration 
pedal when the vehicle runs by inertia, the engine is 
automatically restarted. 

55 [0158] If the decision result of the step SB26 is 
"NO", in other words, if the vehicle has a history of being 
stopped or if the vehicle runs by inertia but the driver 
does not depress the acceleration pedal, the flow pro- 
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ceeds to step SB28 In which a decision is made as to 
whether the flag F_NSW is previously set to "1" in a pre- 
ceding cycle or not. The flag F_NSW indicates whether 
the driver puts gear to neutral or not. In the case of the 
neutral gear, the flag F_NSW is set to "1". If a decision 
result of the step SB28 is "YES", the flow proceeds to 
step SB30 in which a decision is made as to whether the 
flag F_NSW is presently set to "1" in a present cycle or 
not. If so, the flow proceeds to step SB32. The flow 
sequentially proceeds to steps SB28, SB30 and SB32 
when the driver depresses the clutch pedal to establish 
an in-gear state. That is, the apparatus performs basic 
controls for idle stop and restart of the engine, so that 
the engine is started when the driver depresses the 
clutch pedal to make a gear change. 
[0159] In step SB32, the variable CNTL storing a 
count value of restarts of the vehicle Is incremented. In 
step SB34, a decision is made as to whether the varia- 
ble CNTL is equal to or above the variable 
#CNTLFCMG or not. For example, the variable 
#CNTLFCMG is set to "2". 

[0160] If a decision result of the step SB34 is "YES", 

the flow proceeds to step SB38 in which all of flags 
F.FCMGV, F.NGRMG, F^CLON and F^CLNE are set 
to "0". Herein, the flag F_FCMGV indicates that the 
vehicle starts running at once, the flag F_NGRMG indi- 
cates that the driver uses gears other than the first gear, ■ 
the flag F^CLON Indicates that the clutch is ON, and the 
flag F_CLNE indicates that engine speed is under a pre- 
scribed value. After completion of the step SB38, or If 
the decision result of the step SB34 is "NO", the flow 
proceeds to step SB40. 

[0161] In step SB40, the flag F_FCBRK indicating 
an OFF event of the brake during deceleration F/C 
being continued is set to "1 ". 

[0162] After completion of the step SB40, the flow 
proceeds to step SB42 in which the flag F_FCMG indi- 
cating restart of the engine Is set to "0". So, the flow 
sequentially proceeds to steps SB44 and SB46, then, 
the flow reverts control to the main routine, so that the 
apparatus controls the engine to restart. 
[0163] If both of the decision results of the steps 
SB28 and SB30 are "YES", in other words, if the driver 
selects the neutral gear In both of the preceding cycle 
and present cycle, the flow proceeds to step SB58 (see 
FIG. 13). In step SB58, a decision is made as to 
whether the flag F^ESZONEC is set to "1" or not. If a 
decision result of the step SB58 is "YES", in other 
words, if remaining battery charge of the battery 26 
belongs to the foregoing zone Zg or Zq shown in FIG. 
4B so that idle stop of the engine is inhibited, the flow 
proceeds to step SB36 (see FIG. 12) in which the flag 
FJDLREST indicating inhibition of the idle stop of the 
engine when the vehicle is stopped is set to "1 ". So, the 
flow sequentially proceeds to steps SB38 and SB40, 
then, the flow proceeds to step SB42 in which the flag 
F_FCMG is set to "0". After completion of the step 
SB42. the flow proceeds to steps SB44 and SB46, then, 



the flow reverts control to the main routine, so that the 
apparatus controls the engine 10 to restart. 
[0164] If the decision result of the step SB58 is 
"NO", the flow proceeds to step SB60 in which a deci- 

5 sion is made as to whether the flag F_THIDLMG repre- 
senting a state of the acceleration pedal is set to "1 " or 
not. If a decision result of the step SB60 is "YES", the 
flow proceeds to the aforementioned steps which the 
flow proceeds when the decision result of the step SB58 

10 is "YES". 

[0165] If the decision result of the step SB60 Is 
"NO", the flow proceeds to step SB52 In which a deci- 
sion is made as to whether a variable MPGA is equal to 
or above a variable #MPFCMG or not. The variable 

15 MPGA stores a value representative of master power 
negative pressure of the servo device. In addition, the 
variable #MPFGMG stores a value that Initiates restart 
of the engine when reduction occur on the master 
power negative pressure. That is, the step SB52 is pro- 

20 vided to secure "sufficient" negative pressure by restart- 
ing the engine to cope with an unwanted situation where 
the driver feels difficulty in operating the brake due to 
increasing reaction of the brake pedal when the master 
power negative pressure disappears. If a decision result 

25 of the step SB52 is "NO", the flow proceeds to the afore- 
mentioned steps whk:h the flow proceeds when the 
. decision result of the step SB58 is "YES". 
. ,[0166] - ji-tlf the decision result of the step SB52 is 
"NO'. vthe flow proceeds to step SB54 in which a deci- 

30 sion is made as to whether a variable F_PBRK is set to 
"1" or not. Herein, the flag F_PBRK is set to "1" if 
ON/OFF operations of the brake pedal are made a pre- 
scribed number of times or more. Namely, this flag indi- 
cates whether the driver performs the pumping brake 

35 technique or not. The step SB54 Is provided to avoid 
reduction of the brake negative pressure, which is 
reduced if the driver frequently effects the pumping 
brake technique. If a decision result of the step SB54 is 
"YES", the flow proceeds to the aforementioned steps 

40 whteh the flow proceeds when the decision result of the 
step SB58 is "YES". 

[0167] If the decision result of the step SB54 is 
"NO", the flow reverts control to the main routine. 
[0168] Next, the engine restart detemriinatlon proc- 

45 ess is started, so if the decision result of the step SB1 8 
(see FIG. 12) is "NO" and the decision result of the step 
SB48 (see FIG. 13) is "YES", in other word, if the appa- 
ratus detemriines that the driver does not depress the 
clutch pedal under the neutral gear, the flow proceeds to 

so step SB50. In addition, the flow also proceeds to step 
SB50 when the decision result of the step SB28 (see 
FIG. 12) is "NO". 

[0169] In step SB50, a decision is made as to 
whether a flag F_BKSW indicating that the driver pres- 
55 ently depresses the brake pedal is set to "1 " or not. If a 
decision result of the step SB50 is "YES", the flow pro- 
ceeds to step SB52, content of which is described 
before. If the decision result of the step SB50 is "NO", in 
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other words, if the driver does not depress the brake 
pedal, the flow proceeds to step SB56 in which a deci- 
sion is made as to whether the flag F_VSTP indicating 
whether the vehicle is stopped is set to "1" or not. If a 
decision result of the step SB56 is "YES", the flow 5 
reverts control to the main routine. If "NO", the flow pro- 
ceeds to step SB40 (see FIG. 12), from which the flow 
proceeds to step SB42 in which the flag F_FCMG is set 
to "O". So, the flow proceeds to steps SB44 and SB46, 
then, the flow reverts control to the main routine, so that 10 
the apparatus controls the engine 1 0 to restart. 
[0170] When the decision result of the step S656 is 
"NO", the driver does not depress the clutch pedal nor 
the brake pedal under the neutral gear, and the vehicle 
has no history of being stopped. This situation can be 15 
interpreted such that the driver truly has an intention to 
run the vehtele by inertia. It is unclear whether the driver 
has an intention to stop the vehicle (in other words, the 
driver may not have an intention to stop the vehicle) 
while the driver runs the vehicle by inertia. In that case, 20 
the apparatus provides a flow of control from step SB56 
to step S640 In order to restart the engine for prepara- 
tion of a next operation (e.g., acceleration operation). 
[0171] If the engine restart determination process is 
started so that the decision result of the step SB18 tums 2S 
to "NO", in other words, if the driver does not depress 
the clutch pedal,' the, flow, proceeds, to step SB48 in 
which a decisioniis made 'as to whether the flag F_NSW 
indicating whether th^ driver puts gear to neutral is set 
to "1 " or not. If a decision result of the step SB48 is "NO" ' 30 
because the apparatus detemnines that an in-gear state 
is established, the flow proceeds to step SB62 In which 
a decision is made as to whether the flag F_NSW is pre- 
viously set to "1 ■ in a preceding cycle or not. That is, the 
apparatus detemnines whether the driver puts gear to 35 
neutral in the preceding cycle of processing or not. If a 
decision result of the step SB62 is "YES", the flow pro- 
ceeds to step SB64 in which the flag F_INGMG is set to 
"1". Herein, the flag FJNGMG indicates whether the 
driver performs an in-gear operation under an engage- 40 
ment state of the clutch after the driver puts gear to neu- 
tral. After completion of the step SB64, the flow 
proceeds to step SB66. In addition, the flow also pro- 
ceeds to step SB66 if the decision result of the step 
SB62 is "NO" so that the step SB64 is skipped. 45 
[0172] In step S666, a decision is made as to 
whether the variable VP representing running speed of 
the vehicle is equal to or above the variable #VIDLST 
storing the prescribed speed (e.g., 3 km/h) or not If a 
decision result of the step SB66 is "NO", the flow reverts so 
control to the main routine. Thus, the apparatus controls 
the engine not to restart because the running speed of 
the vehicle does not reach the prescribed speed desig- 
nated by the variable #VIDLST. If the decision result of 
the step SB66 is "YES", the flow proceeds to step SB68 ss 
in which a decision is made as to whether the variable 
NE representing engine speed is equal to or above a 
variable #NEIDLST (e.g., 250 rpm) or not. If a decision 



result is "NO", the flow reverts control to the main rou- 
tine. 

[0173] If the decision result of the step SB68 is 
"YES", the flow proceeds to step SB40 (see FIG. 12) in 
which the flag F_FCBRK indicating an OFF event of the 
brake during deceleration F/C being continued is set to 
"1 ". In step SB42, the flag F^FCMG indicating restart of 
the engine is set to "0". So, the flow proceeds to steps 
SB44 and SB46, then, the flow reverts control to the 
main routine, so that the apparatus controls the engine 
to restart. 

[0174] When the decision result of the step SB68 is 
"YES", the driver does not depress the clutch pedal in 
an in-gear state, and the running speed is high so that 
the engine speed is correspondingly high. In this case, 
the apparatus continues the deceleration F/C. However, 
if the deceleration F/C is continued so long, there may 
be established a push-start condition as if some person 
pushes the vehicle to start the engine. For example, 
such a push-start condition is established when the 
driver forces the clutch to engage under execution of 
idle stop of the engine while the vehicle runs with sec- 
ond gear by inertia. To avoid occun-ence of the push- 
start condition, the apparatus controls the engine to 
restart 

[B] Second embodiment 

[0175] Next, an engine automatic start stop control 
apparatus will be described in accordance with a sec- 
ond embodiment of the invention. 
[01 76] FIG. 1 4 shows a configuration of the engine 
automatic start stop control apparatus of the second 
embodiment 

[0177] Main difference between the first embodi- 
ment (see FIG. 2) and the second embodiment is a type 
of the transmission. That is, the second embodiment 
replaces the manual transmission 12 shown in FIG. 2 
with a continuously variable transmission (CVT) 13 
shown In FIG. 14. In addition, the second embodiment 
is equipped with a CVT ECU 36 for controls of the CVT 
13. The CVT ECU 36 performs communications with 
the engine ECU 18. Particularly, the engine ECU 18 out- 
puts an idle stop execution request to the CVT ECU 36, 
so that the CVT ECU 36 monitors states of the CVT 13. 
Upon completion of preparation for execution of idle 
stop of the engine 10, the CVT ECU 36 outputs a CVT 
preparation completion signal to the engine ECU 18. 
[0178] Next, descriptions will be given with respect 
to idle stop and start controls. 

[0179] Like the first embodiment, the second 
embodiment is basically designed to perfomi idle stop 
or restart of the engine in connection with the foregoing 
modes (1 ) to (9). Thus, it is possible to reduce discharge 
of gas while improving drivability and manual operation 
to handle the vehicle. In the present specification, 
descriptions are given mainly with respect to technical 
differences between the first and second embodiments. 
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(1) Engine stop during deceleration 

The engine automatic start stop control appa- 
ratus of the second embodiment controls the 
engine 10 to stop when the driver depresses the 
brake pedal by his/her foot, and the CVT ECU 36 5 
outputs a CVT preparation completion signal to the 
engine ECU 18. However, when the driver jams the 
brake on, in other words, when the driver puts a so- 
called "panic brake" on, the apparatus does not per- 
form idle stop of the engine. This is because the w 
CVT has a restriction In mechanism such that a 
ratio of the CVT 13 does not return to a low ratio 
without a sufficient time for deceleration due to the 
panic brake, so the CVT ECU 36 does not output a 
CVT preparation completion signal. The apparatus is 
executes idle stop of the engine when the ratio of 
the CVT returns to the low ratio because sufficient 
acceleration cannot be always obtained without the 
low ratio of the CVT when the vehicle starts run- 
ning. In addition, the apparatus controls the engine 20 
to restart when the driver leaves his/her foot off 
from the brake pedal. 

(2) Idle stop of the engine of the vehtele whtoh is 
stopped 

The apparatus controls the engine to stop 25 
when the driver depresses the brake pedal and the 
CVT ECU 36 outputs a CVT preparation completion 
signal. In addition, the apparatus controls the 
engine to restart when the driver leaves his/her foot 
from the brake pedal. Those controls are performed 30 
independently of controls of the aforementioned 
mode (1). The apparatus does not control the 
engine in such a way that after the engine is 
stopped by controls of the mode (1), the engine is 
started and is then stopped by controls of this mode 35 

(2) . That is, this mode (2) ensures that the engine is 
certainly stopped even if the condition of the afore- 
mentioned mode (1) is not established. 

(3) Idle stop inhibition after restart 

This mode is provided to cope with specific 40 
brake-pedal operations in which the driver leaves 
his/her foot from the brake pedal to restart the 
engine, then, the driver depresses the brake pedal. 
That is; if the driver performs the aforementioned 
specific brake-pedal operations at one time, the 45 
apparatus allows Idle stop of the engine. However, 
when the drive performs the specific brake-pedal 
operations two times or more, the apparatus inhib- 
its idle stop of the engine until running speed of the 
vehicle reaches a prescribed speed (e.g., 1 5 km/h). so 
In congestion, the driver frequently repeats stop- 
and-go operations in which the driver leaves his/her 
foot from the brake pedal to run the vehicle for a 
small distance at a low speed, then, the drive steps 
on the brake pedal to stop the vehicle. If such stop- 55 
and-go operations are repeated for a long time, 
electricity of the battery is greatly consumed. To 
cope with the above, the apparatus operates in 



principle such that idle stop of the vehicle is exe- 
cuted if the driver leaves his/her foot from the brake 
pedal to start the vehicle, then, the driver steps on 
the brake pedal before running speed of the vehicle 
does not reach the prescribed speed. However, the 
apparatus inhibits the idle stop of the engine from 
being executed if the driver leaves his/her foot from 
the brake pedal to start the vehk;le again, then, the 
driver steps on the brake pedal before the running 
speed of the vehicle reaches the prescribed speed. 
To stop the vehicle equipped with the CVT 13, the 
driver adjusts distance between the vehicle and 
another vehicle ahead by repeatedly depressing 
and releasing the brake pedal. During execution of 
idle stop of the engine, there may occur a drawback 
in that the distance between the vehicles cannot be 
adjusted well because of a lack of a driving force. To 
avoid occun^ence of such a drawback, it is neces- 
sary to secure the driving force of the vehicle by 
inhibiting the idle stop of the engine after restart. 

The aforementioned operations are basic con- 
trols for the Idle stop and restart of the engine. The 
present embodiment is designed to perform more 
precise controls, which will be described below. 

(4) Sudden acceleration measure 
The apparatus allows restart of the engine dur- 

. ing an idle stop.mode if the driver depresses the 
acceleration, pedal to ; reduce remaining battery 
r charge or the air conditioner requests the engine to 
restart under the condition where the driver 
depresses the brake pedal in the idle stop mode 
while the CVT 13 Is neutral. Herein, the apparatus 
does not allow restart of the engine during the idle 
stop mode only if the CVT 13 is neutral in order to 
cope with a trouble which occurs on a neutral 
detection switch to normally output a neutral signal 
declaring that the CVT Is neutral. That is, it is nec- 
essary to avoid a sudden start of the vehicle due to 
restart of the engine during the idle stop mode only 
If the CVT Is neutral. 

Incidentally, the second embodiment is 
designed similar to the first embodiment with regard 
to the following modes: 

(5) Idle stop communication; 

(6) Alarm sound; 

(7) Cooperation with air conditioner; 

(8) Control based on detection result of brake mas- 
ter power negative pressure sensor; and 

(9) Improvement of manual operation to handle the 
vehicle. 

[0180] Figures 15A and 15B show outlines of idle 
stop detemiination conditions and engine restart deter- 
mination conditions in accordance with the second 
embodiment of the invention. Specifically, FIG. ISA 
shows the idle stop determination conditions, and FIG. 
15B shows the engine restart detemiination conditions. 
[0181] In FIG. 15A, all of conditions CE1 to CE14 
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are logically connected together by an AND operator 
OP40. Namely, the apparatus executes idle stop of the 
engine only when all of the conditions CE1 to CE14 are 
established. 

[0182] Incidentally, the conditions CE1 to CE5 are 5 
identical to the foregoing conditions CA1 to CAS shown 
in FIG. 3A. 

[01 83] The condition CE6 is exclusively provided for 
the second embodiment to detennine whether the 
transmission is placed in either D range (or drive mode] 
or N range (or neutral mode) or not. Details in mode 
selection of the transmission are not discussed in the 
present specification. The second embodiment installs 
multiple control modes to change drive performance by 
changing controls of the CVT in response to driver's 
operations. Generally speaking, the D range (or drive 
mode) is used to perform normal driving operations, 
while the N range (or neutral mode) is used to stop the 
vehicle for a long time. Other than the D and N ranges, 
the transmission installs an S range (or sports mode). 
As compared with the D range or else, the S range (or 
sports mode) sets large torque for starting so as to pro- 
vide high acceleration. In addition, the S range controls 
the vehicle such that a ratio of the CVT is increased to 
be higher at a high speed drive of the vehicle. Using the 
S range, it is possible to enhance drive perfonnance of 
the vehicle. 

[0184] . .The^conditions CE7 to CE10 are roughly 
identical to the r foregoing conditions CA7 to CA10 
shown in FIG. 3A. Among them, the condition CE9 is 
different from the condition CA9. That is, the condition 
CE9 is determination as to whether the switch of the 
brake pedal operates normally or not. 
[0185] The condition CE11 is determination as to 
whether the driver depresses the brake pedal by his/her 
foot or not. Because, idle stop of the engine of the vehi- 
cle equipped with the CVT is basically executed based 
on determination that the driver depresses the brake 
pedal by his/her foot 

[0186] The condition CE12 is detennination as to 
whether the CVT ECU 36 outputs a CVT preparation 
completion signal or not. The CVT preparation comple- 
tion signal represents completion of preparation of the 
CVT 13 to execute idle stop of the engine. In the case of 
the low ratio of the CVT 1 3, the CVT ECU 36 outputs the 
CVT preparation completion signal if S/C isolation is 
carried out. Because, the engine cannot always pro- 
duce sufficient acceleration unless the CVT 13 is 
returned to the low ratio when the vehicle starts. 
[0187] The condition CE13 is detemiination as to 
whether brake master power negative pressure 
becomes equal to or above a prescribed value in gauge 
pressure or not. For example, the prescribed value is 
set to -250 mmHg. This condition is used for controls of 
the aforementioned mode (8). The condition CE14 is 
determination as to whether after restart of the engine, 
running speed of the vehicle becomes equal to or above 
a prescribed value (e.g., 15 km/h) at once or not. 



[01 88] Next, the engine restart determination condi- 
tions under the idle stop mode will be described with ref- 
erence to FIG. 15B. 

[0189] In FIG. 15B, conditions CF3, CF4 are logi- 
cally connected together by an AND operator OP52, 
conditions CF5, CF6 are logically connected together 
by an AND operator OP53, and conditions CF7 to CF1 0 
are logically connected together by an OR operator 
OP55. Outputs of the AND operator OP53 and the OR 
operator OP55 are logically connected together by an 
AND operator OP54. A condition CF2 and an output of 
the AND operator OP52 as well as an output of the AND 
operator OP54 and a condition CF1 1 are logically con- 
nected together by an OR operator 0P51. Further, a 
condition CF1 and an output of the OR operator OP51 
are logically connected together by an AND operator 
OP50. Thus, the AND operator OP50 outputs a signal 
instructing restart of the engine. 
[0190] The condition CF1 is identical to the forego- 
ing condition CB1 shown in FIG. 3B. The condition CF2 
is detemninatlon as to whether the driver does not 
depress the brake pedal by his/her foot. The condition 
CF3 is detemnination as to whether the driver 
depresses the brake pedal by his/her foot. Provision of 
the conditions CF2 and CF3 realize the basic concept in 
idle stop control of the vehicle equipped with the CVT 
13. Namely, the apparatus, executes Idle stopvOf .the'. 
engine when the driver depresses the brake pedal, 
while the apparatus restarts the engine when the driver 
leaves his/her foot from the brake pedal. 
[0191] The condition CF4 is discrimination as to 
whether an in-gear state of the CVT 13 corresponds to 
an "R" (reverse) in-gear state, a "P" (parking) in-gear 
state, an "S" (second) in-gear state or a "L" (low) in-gear 
state. It is well known that unlike the manual transmis- 
sion, the continuously variable transmission (CVT) is 
not designed to allow gear changes in a step-by-step 
manner, in other words, the CVT effects "linear" varia- 
tions in transmission in response to running speed of 
the vehicle. In some case, the driver makes specifk: 
operations to Intentionally set the ratio of the CVT Set- 
ting the ratio of the CVT is listed as one condition for 
detennlnation of restart of the engine. 
[0192] The condition CF5 is detennination as to 
whether the driver depresses the brake pedal by his/her 
foot The conditions CF6 to CF8 are identical to the fore- 
going conditions CB5 to CB7 shown in FIG. 3B. The 
conditions CF9 to CF11 are identical to the foregoing 
conditions CB9 to CB1 1 shown in FIG. 3B. 
[0193] The second embodiment sets the idle stop 
detennination conditions and engine restart detemnina- 
tion conditions as described above. 
[0194] Next, descriptions will be given with respect 
to control flows actualizing the aforementioned condi- 
tions of Rgures 15A, 15B. 

[0195] Figures 16 and 17 show a control flow with 
regard to an idle stop determination process in accord- 
ance with the second embodiment. The apparatus calls 
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the control flow of Figures 16, 17 to be executed every 
prescribed interval of time (or every 1 0 msec) from the 
main routine (not shown). Actually, the engine ECU 1 8 
performs steps of the control flow. Detemnination as to 
whether idle stop of the engine is executed or not is real- 5 
ized by a decision as to whether a flag F_FCMG shown 
in Figures 1 6, 1 7 is set to "1 ' or not. That is, the appara- 
tus performs idle stop control of the engine when the 
flow reverts control to the main routine if the flag 
F_FCMG is set to "1 If the flag F_FCMG is set to "0", 10 
the apparatus does not perform the idle stop control of 
the engine. The flag F.FCMG is initially set to "0". 
[0196] When the apparatus calls the process of 
FIG. 16 to be executed from the main routine, the flow 
firstly proceeds to step SC10 in which a decision is 75 
made as to whether the flag F_FCMG is set to T or 
not. As described above, in Figures 16, 17, idle stop of 
the engine is executed when the flag F_FCMG is set to 
■1". So, if the flag F^FCMG has been already set to "1" 
before the step SC10, its following steps are meaning- 20 
less. Hence, If a decision result of the step SCI 0 is 
"YES", the flow reverts control to the main routine. If the 
decision result is "NO", the flow proceeds to step SCI 2. 
[0197] In step SCI 2, a decision is made as to 
whether a prescribed time elapses from timing to turn 25 
on the starter switch or not In step SCI 2, a variable 
#TMIDLSTC stores 120 seconds (or two minutes) as 
the prescribed time. By comparison between a timer • 
value T20ACRST and the variable #TIMDLSTC, it is ■ ^ 
possible to detemnine whether the prescribed time 30 
elapses from the timing to turn on the starter switch. 
Incidentally, the time T20ACRST starts time counting 
when the starter switch is turned on. 
[0198] If a decision result of the step SCI 2 is "NO", 
the flow proceeds to step SC46 (see FIG. 1 7) In which a 35 
flag F_FCMGSTB is set to "0". Then, the flow reverts 
control to the main routine. The flag F_FCMGSTB indi- 
cates whether the engine ECU 1 8 outputs an Idle stop 
request signal to the CVT ECU 36 or not. That is, when 
the engine ECU 18 outputs the Idle stop request signal 40 
to the CVT ECU 36, the flag F.FCMGSTB Is set to "1". 
[0199] If the decision result of the step SC12 is 
"YES", in other words, if the apparatus determines that 
the prescribed time of the variable #TM1DLSTC elapses 
from the timing to turn on the starter switch, the flow 4S 
proceeds to step SCI 4 in which a decision is made as 
to whether a second bit of a variable MOTINFO is set to 
"1" or not. Herein, the second bit of the variable 
MOTINFO indicates whether the temperature of the bat- 
tery 26 Is under O'^C or not. Hence, It is set in response so 
to the temperature of the battery 26 by the battery ECU 
32. If a decision result of the step SCI 4 is "YES", in 
other words, if the temperature of the battery 26 is under 
O^C, the flow proceeds to step SC46 in which the flag 
F_FCMGSTB indicating whether the engine ECU 18 55 
outputs an idle stop request signal to the CVT ECU 36 
is set to "0". Then, the flow reverts control to the main 
routine. 



[0200] If the decision result of the step SCI 4 is 
"NO", in other words, if the apparatus determines that 
the temperature of the battery 26 is higher than 0*C, the 
flow proceeds to step SCI 6. 

[0201] In step SC16, a decision is made as to 
whether a flag F_MOTSBT is set to "1" or not. The flag 
F^MOTSBT indicates whether the vehicle can be 
started by the motor/generator 16 or not. It Is set in 
response to a state of the motor/generator 16 by the 
motor ECU 22. If a decision result of the step SCI 6 is 
"NO", the flow proceeds to step SC46 in which the flag 
F_FCMGSTB is set to "0". Then, the flow reverts control 
to the main routine. 

[0202] If the decision result of the step SC16 is 
"YES", the flow proceeds to step SCI 8. 
[0203] In step SCI 8, a decision is made as to 
whether a flag F_TWFCMG is set to "1" or not. The flag 
F_TWFCMG indicates whether engine water tempera- 
ture is high enough to execute idle stop of the engine or 
not It is set by the engine ECU 18. Detemiination 
whether to execute idle stop of the engine Is made in 
accordance with relationships between engine water 
temperature and outside air temperature shown in Frg- 
ures 5A and 5B. Setting the aforementioned flag is 
made as similar to the first embodiment, which is 
described before with reference to Rgures 9 to 1 1 . 
[0204] . . . If a decision result of the step SCI 8 Is "NO", 
the. flow, proceeds to step SC46 In which the flag 
F_iFCMGSTB is set to "0". Then, the flow reverts control 
to the main routine. 

[0205] If the decision result of the step SCI 8 is 
"YES", the flow proceeds to step SC20 in which a deci- 
sion is made as to whether a flag F_TAFCMG is set to 
"1" or not. If a decision result of the step SC20 is "NO", 
the flow proceeds to step SC46 in which the flag 
F_FCMGSTB is set to "0". Then, the flow reverts control 
to the main routine. If the decision result of the step 
SC20 is "YES", flow proceeds to step SC22. 
[0206] In step SC22, a decision is made as to 
whether a flag F_EMB Is set to "1" or not. The flag 
F^EMB indicates whether the driver perfomns an emer- 
gency brake operation or not. This flag is set to "1 " in the 
case of the emergency brake operation. Determination 
of the emergency brake operation is made by a decision 
as to whether deceleration being produced when the 
driver depresses the brake pedal Is greater than a pre- 
scribed threshold or not. If a decision result of the step 
SC22 is "YES", idle stop of the engine should be inhib- 
ited to return the CVT 13 to the low ratio. So, the flow 
proceeds to step SC46 in which the flag F_FCMGSTB 
is set to "0". Then, the flow reverts control to the main 
routine. 

[0207] If the decision result of the step SC22 is 
"NO", the flow proceeds to step SC24 in which a deci- 
sion is made as to whether a flag F_OKBRKSW Is set to 
"1" or not. The flag F_OKBRKSW corresponds to deter- 
mination as to whether the brake is ON or OFF. In other 
words, the step SC24 is provided to determine whether 
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ON or OFF is normally detected with respect to the 
switch of the brake pedal or not. If a decision result of 
the step SC24 is "NO", the flow proceeds to step SC46 
In which the flag F^FCMGSTB Is set to "0". Then, the 
flow reverts control to the main routine. 5 
[0208] If the decision result of the step SC24 is 
'YES", the flow proceeds to step SC26 in which a deci- 
sion is made as to whether a flag F_VPFCMG is set to 
"1" or not. The flag F^VPFCMG is set to "1" when an 
error occurs on pulses generated by the pulse genera- 10 
tor installed in the wheel 14. For example, in the case 
where the pulse generator normally generates one hun- 
dred pulses per second during running of the vehicle, 
when a number of pulses output from the pulse genera- 
tor becomes zero at a certain moment of time, the appa- is 
ratus determines that an error occurs in the pulse 
generator, so that the flag F^VPFCMG is set to "1". If 
the step SC26 detennines that the flag F_VPFCMG is 
set to "1 the flow proceeds to step SC46, then, the flow 
reverts control to the main routine. If the step SC26 20 
determines that the flag F_VPFCMG is set to "0", the 
flow proceeds to step SC28. 

[0209] In step SC28, a decision is made as to 
whether a flag F.FCMGV is set to "1" or not. The flag 
F_FCMGV is set to "1 " when running speed of the vehi- 25 
cle is increased to a prescribed value or more at once. 
Namely, it indicates, whether the vehicle starts running 
at a time or not. The. prescribed value. is set at 15 knn/h, 
for example. If the step SC28 detenfiines that the flag 
F_FCMGV is set to "0", the flow proceeds to step SC30 30 
in which a decision is made as to whether a variable VP 
Is equal to or above a variable VIDLSTC or not. The var- 
iable VP stores a number of pulses being output from 
the pulse generator of the wheel 14 within a prescribed 
time, in other words, it represents running speed of the 35 
vehicle. The variable VIDLSTC is set at 15 km/h, for 
example. 

[0210] If a decision result of the step SC30 is "NO", 
the flow proceeds to step SC46, then, the flow reverts 
control to the main routine, tf 'YES", the flow proceeds 40 
to step SC32 In which the flag F_FCMGV indicating 
whether the vehicle starts running at once is set to "1", 
and a variable CBRST is set to "0". Herein, the variable 
CBRST stores a count value of restarts of the vehicle. 
Restart of the vehicle is detected by a decision whether 45 
the driver leaves his/her foot from the brake pedal to 
turn off the brake or not. 

[0211] After completion of the step SC32, the flow 
proceeds to step SC34 (see FIG. 1 7). 
[0212] If the step SG28 detennines that the flag so 
F_FCMGV is set to "1", the flow proceeds directly to 
step SC34 without performing steps SC30 and SC32. 
[0213] In step SC34. a decision is made as to 
whether a flag F_FCMGBAT is set to "1 " or not. The flag 
F_FGMGBAT is set to "1" when remaining battery 55 
charge of the battery 26 belongs to the foregoing zone 
shown in FIG. 4A, It Is set to "0" if the remaining bat- 
tery charge belongs to other zones. This flag is set by 



the battery ECU 32. If a decision result of the step SC34 
is "NO", the flow proceeds to step SC46, then, the flow 
reverts control to the main routine. If "YES", the flow 
proceeds to step SC36. 

[0214] In step SC36, a decision is made as to 
whether a flag F_ESZONEC is set to "1 " or not. The flag 
F_ESZONEC indicates inhibition of idle stop of the 
engine because remaining battery charge of the battery 
26 belongs to the foregoing zone Zg or Zq shown in FIG. 
4B. This flag is set by the battery ECU 32 shown in FIG. 
14. If a decision result of the step SC36 is "YES", the 
apparatus inhibits idle stop of the engine. Hence, the 
flow proceeds to step SC46, then, the flow reverts con- 
trol to the main routine. 

[0215] If the decision result of the step SC36 is 
"NO", in other words, if the battery 26 is sufficiently 
charged to increase remaining battery charge to an 
extent that the idle stop of the engine is executable, the 
flow proceeds to step SC38. 

[0216] In step SC38, a decision is made as to 
whether a shift position is either neutral (N), parking (P) 
or neutral parking (NP) or not. If a decision result of the 
step SC38 is "NO", the flow proceeds to step SC42 in 
which a decision is made as to whether a flag F_CVTED 
is set to "1 " or not The flag F_CVTED indicates whether 
the CVT 13 is placed in a D range (or drive mode) or 
not. This flag is set by the CVT ECU 36 shown in FIG. 
14. If a decision result of the step SC42 is "NO", the 
apparatus inhibits idle stop of the engine. Hence, the 
flow proceeds to step SC46, then, the flow reverts con- 
trol to the main routine. 

[0217] If the decision result of the step SC38 is 
"YES", the flow proceeds to step SC40 in which a deci- 
sion is made as to whether a flag F_STS Is set to "1 " or 
not. The flag F_STS indicates whether the starter switch 
is turned on or not. If a decision result of the step SC40 
is "YES", the flow proceeds to step SC46, then, the flow 
reverts control to the main routine. If "NO", the flow pro- 
ceeds to step SC44. Incidentally, the flow also proceeds 
to step SC44 if the decision result of the step SC42 is 
"YES", In other words, if the CVT 13 is placed In the D 
range (or drive mode). 

[0218] In step SC44, a decision is made as to 
whether a brake switch BRKSW is ON or OFF. If the 
brake switch BRKSW is OFF, the apparatus inhibits idle 
stop of the engine. Hence, the flow proceeds to step 
SC46, then, the flow reverts control to the main routine. 
If the step SC44 detennines that the brake switch 
BRKSW is ON, the flow proceeds to step SC48. 
[0219] In step SC48, a decision is made as to 
whether a flag F_THIDLMG is set to "1 " or not. The flag 
F_THIDLMG stores a state of the acceleration pedal. 
That is, the flag F_THIDLMG is set to "1 " when the throt- 
tle is full open (or when the driver depresses the accel- 
eration pedal by his/her foot). In addition, it is set to "0" 
when the throttle is full close (or when the driver does 
not step on the acceleration pedal). If a decision result 
of the step SC48 is "YES" indicating that the driver 
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depresses the acceleration pedal, it is necessary to 
inhibit idle stop of the engine. So, the flow proceeds to 
step SC46, then, the flow reverts control to the main 
routine. If the decision result of the step SC48 is "NO", 
the flow proceeds to step SC50. 5 
[0220] In step SC50, a decision is nnade as to 
whether a variable MPGA is equal to or above a variable 
#MPFCMG or not. Herein, the variable MPGA stores 
master power negative pressure of the servo device, 
and the variable #MPFCMG stores a reduced master 10 
power negative pressure to restart the engine. If a deci- 
sion result of the step SC50 is "NO", it is necessary to 
inhibit idle stop of the engine. So, the flow proceeds to 
step SC46, then, the flow reverts control to the main 
routine. If the decision result of the step SC50 is "YES", 75 
the flow proceeds to step SC52. 
[0221] In step SC52, a decision is made as to 
whether a flag F^HTRMG is set to "1" or not. The flag 
F_HTRMG stores an idle stop inhibition request being 
output from the air conditioner. This flag is set to "1" 20 
when idle stop of the engine is inhibited. It is set to "0" 
when idle stop of the engine is allowed. If a decision 
result of the step SC52 is "NO", the flow proceeds to 
step SC54. 

[0222] In step SC54, the flag F_FCMGSTB indicat- 25 
ing whether the engine ECU 18 outputs an idle stop 
request to the GVT ECU 36 or not is set to "1". After . 
completion of the step SC54, the flow proceeds to step 
SC56 in which a decision is made as to whether a flag 
F.VCTOK is set to "1" or "0". The flag F^CVTOK indi- 30 
cates whether the CVT ECU 36 outputs a CVT prepara- 
tion completion signal to the engine ECU 18 or not. 
[0223] If the step SC56 determines that the flag 
F_CVTOK is set to "0", the CVT 13 does not complete 
preparation for executing idle stop of the engine. Hence, 35 
the flow reverts control to the main routine. If the step 
SC66 detemnines that the flag F_CVTOK is set to "1", 
the CVT 13 completes preparation for executing idle 
stop of the engine. Hence, the flag F.FCMG is set to "1 " 
in step SC58. Then, the flow reverts control to the main 40 
routine, so that the apparatus perfonns idle stop control 
on the engine. 

[0224] If the decision result of the step SC52 is 
"YES", in other words, the air conditioner outputs an idle 
stop inhibition request, the flow proceeds to step SC60 45 
in which a decision is made as to whether the variable 
VP representing running speed of the vehicle is equal to 
or above a variable #VIDLST representing a prescribed 
speed (e.g., 15 km/h) or not. If a decision result of the 
step SC60 is "YES", the flow proceeds to step SC46, so 
then, the flow reverts control to the main routine. 
[0225] If the decision result of the step SC60 is 
■NO", the flag F_FCMGV indicating that the vehicle 
starts running at once is set to "0" in step SC62. After 
completion of the step SC62, the flow proceeds to step 55 
SC46, then, the flow reverts control to the main routine. 
The idle stop determination process of Figures 16 and 
17 is designed such that the step SC58 is disregarded 



when the flag F_FCMGV is "0", hence, idle stop of the 
engine is not executed. In other words, the steps SC60 
and SC62 are used to inhibit idle stop of the engine if 
running speed of the vehicle is relatively low. 
[0226] As described above, the apparatus perfonns 
the idle stop detemriination process to determine 
whether idle stop of the engine is being executed or not. 
[0227] Next, a description will be given with respect 
to the engine restart detemiination process to deter- 
mine whether the engine is being restarted in an Idle 
stop mode or not. 

[0228] FIG. 1 8 shows the engine restart detemriina- 
tion process in accordance with the second embodi- 
ment of the invention. The apparatus calls the process 
of FIG. 18 to be executed from the main routine (not 
shown) every prescribed interval of time (e.g., every 10 
msec). Actually, the engine ECU 18 shown in FIG. 14 
perfonns steps of the process of FIG. 18. Detennination 
whether to restart the engine or not is made by a deci- 
sion as to whether a flag F_FCMG shown in FIG. 18 is 
set to "0" or not. The aforementioned process of Figures 
16 and 17 is carried out in such a way that idle stop 
detennination is made by setting the flag F_FCMG to 
"1". In the process of FIG. 18, engine restart determina- 
tion is made by resetting the flag F_FCMG, which is pre- 
viously set to "1", to "0". 

[0229] . VVhen- the. apparatus calls the process of 
FIG. 18 to be executed from the main routine, flow firstly 
proceedS'to step SD10 in which a decision is made as 
to whether the flag F_FCMG is set to "1" or riot. This 
step is required to reset the flag F_FCMG, which is set 
to "1 " by the aforementioned process of Figures 1 6 and 
1 7, to "0". That is, this step is provided to prevent follow- 
ing steps from being unnecessarily executed if the flag 
F_FCMG has been already set to "0" before starting of 
the process of FIG. 18. If a decision result of the step 
SD10 is "NO", the flow proceeds to step S012. 
[0230] In step SD12, a decision is made as to 
whether a flag F_MEOF is set to "1" or not. The flag 
F.MEOF is set to "1" when engine speed is zero. In 
other words, this step makes determination for engine 
stop. Namely, if the flag F_FCMG is "0" so that idle stop 
of the engine is inhibited, it is determined that the 
engine is running, so a decision result of the step SD12 
is "NO". Hence, the flow reverts control to the main rou- 
tine. 

[0231] If the flag F.MEOF is "1" Indicating that the 
engine speed is zero under the condition where idle 
stop of the engine is inhibited, it is assumed that an 
engine stop occurs, so the decision result of the step 
SD12 is "YES". In that case, it is necessary to perform 
engine restart determination, hence, the flow proceeds 
to step SD14. The aforementioned situation where the 
engine speed becomes zero under inhibition of the idle 
stop of the engine is caused to occur by "careless" oper- 
ations of the driver who operates the vehicle to stop 
while maintaining engagement of gears, for example. 
[0232] In step SD14, a decision is made as to 
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whether a shift position is either neutral (N), parking (P) 
or neutral parking (NP) or not. If a decision result of the 
step SD14 is "NO", the flow proceeds to step SD18 in 
which a decision is made as to whether a flag F_CVTED 
indicating whether the CVT 13 is placed in a D range (or 
drive mode) is set to "1 " or not. If a decision result of the 
step SD18 is "NO" indicating that the CVT 13 is not 
placed in the D range, the flow proceeds to step SD20 
in whk:h a decision is made as to whether a flag 
F_MSPO is set to "I" or not. The flag F_MSPO indi- 
cates whether the CVT 13 is placed in an S range (or 
sports mode) or not. It is set to "1" in response to the S 
range being selected. 

[0233] If a decision result of the step SD20 is "NO", 
the flow proceeds to step SD28 in which a flag 
F_FCMGV indicating whether the vehicle starts running 
at once is set to "0". After completion of the step SD28, 
the flow proceeds to step SD30 in which a flag 
F_FCMGSTB indicating whether the engine ECU 18 
outputs an idle stop request signal to the CVT ECU 36 
is set to "0". Thus, the engine ECU 18 outputs an idle 
stop release signal to the CVT ECU 36. After comple- 
tion of the step SD30, the flow proceeds to step SD32 in 
which the flag F_FCMG is set to "0". Then, the flow 
reverts control to the main routine. Since the flag 
F_FCMG is "0", the apparatus controls the engine to 

restart. , ' - *. < - . y.r . , 

[0234] If* the. decision, result of the step SD14 is 
■YES", in other words,' if the^ apparatus discriminates 
that the shift position is either neutral (N), parking (P) or 
neutral parking (NP), the flow proceeds to step SD16 in 
which a decision is made as to whether a flag F_STS is 
set to "1 " or not. The flag F_STS indicates whether the 
starter switch is ON or not. If a decision result of the step 
SD16 is 'YES", the flow proceeds to step SD42 In which 
the flag F.FCMGV Indicating whether the vehicle starts 
running at once is set to "0". After completion of the step 
SD42, the flow proceeds to step SD30 In which the flag 
F^FCMGSTB is set to "0", so that the engine ECU 18 
outputs an Idle stop release signal to the CVT ECU 36. 
In step SD32, the flag F_FCMG is set to "0". Then, the 
flow reverts control to the main routine. Since the flag 
F_FCMG is "0", the apparatus controls the engine to 
restart. 

[0235] If the decision result of the step SOI 6 is 
"NO", in other word, if it is determined that the starter 
switch is not ON, the flow proceeds to step SD22. In 
addition, the flow also proceeds to step SD22 if the deci- 
sion result of the step SD1 8 is "YES" so that the CVT 1 3 
is placed in the D range (or drive mode) or if the deci- 
sion result of the step SD20 is "YES" so that the CVT 13 
is placed in the S range (or sports mode). 
[0236] Next, a description will be given with respect 
to a reason why the flow proceeds from the step SD20 
to the step SD22. Consider that the step SD20 is 
excluded from the process of FIG. 1 8. In that case, if the 
decision result of the step SD18 is "NO", the flow must 
proceed to steps SD28, SD30 and SD32, so that the 



apparatus controls the engine to restart. In the case 
where the CVT 13 is placed in the S range (or sports 
mode), both of the decision results of the steps SD14 
and SD18 are "NO", so that the apparatus controls the 

5 engine to restart. As a result, when the driver changes a 
mode of the CVT 1 3 from the D range (or drive mode) to 
the S range (or sports mode), the apparatus controls 
the engine to restart. As described before, the driver 
perfomns idle stop controls and engine restart controls 

10 on the vehicle having the CVT 13 in principle by 
depressing and releasing the brake pedal under pre- 
scribed conditions in running. Therefore, it is not prefer- 
able that the engine restart controls are carried out in 
response to a changeover of the mode of the CVT 13. 

75 For this reason, the process of FIG. 18 Introduces the 
step SD20, from which the flow proceeds to step S022 
for detenminatlon whether the driver steps on the brake 
pedal or not. 

[0237] In step SD22, a decision is made as to 
20 whether the driver depresses the brake pedal by his/her 
foot so that the brake switch BRKSW is ON or not. If the 
step SD22 determines that the driver does not depress 
the brake pedal, the flow proceeds to step SD24 in 
which a variable CBRST Is incremented. The variable 
25 CBRST stores a count value of restarts of the vehicle. 
Restart of the vehicle is detected when the driver leaves 
his/her foot from the brake pedal so that the brake 
switch BRKSW is OFF 

[0238] After completion of the step SD24, the flow 

'30 proceeds to step SD26 in which a decision is made as 
to whether the variable CBRST is equal to or above a 
variable #CBRST or not. Herein, the variable CBRST 
stores the (incremented) count value of restarts of the 
vehicle, while the variable #CBRST stores a prescribed 

35 value which is set to "2", for example. If a decision result 
of the step SD26 is "YES", the flow proceeds to step 
SD28 In which the flag F_FCMGV Is set to "0". In other 
words, if the engine is restarted a prescribed number of 
times (e.g., two times) or more, the flag F_FCMGV indi- 

40 eating whether the vehicle starts running at once Is set 
to "0". Therefore, the apparatus inhibits Idle stop of the 
engine until running speed of the vehicle exceeds a pre- 
scribed speed (e.g., 15 km/h). So, the flow proceeds to 
steps SD30 and SD32, then, the flow reverts control to 

45 the main routine, so that the apparatus controls the 
engine to restart 

[0239] If the decision result of the step SD26 is 
"NO", the flow proceeds to step SD30. That Is, since the 
engine is not restarted the prescribed number of times, 

50 it is necessary to inhibit idle stop after restart of the 
engine. So, the flow proceeds to steps SD30 and SD32, 
then, the flow reverts control to the main routine, so that 
the apparatus controls the engine to restart. 
[0240] If the step SD22 detemiines that the driver 

55 depresses the brake pedal by his/her foot, the flow pro- 
ceeds to step SD34 in which a decision is made as to 
whether a variable MPGA is equal to or above a variable 
#MPFCMG or not. The variable MPGA stores master 
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power negative pressure of the servo device. If a deci- 
sion result of tlie step SD34 is "NO" indicating that the 
master power negative pressure is small, the flow pro- 
ceeds to steps SD42, SD30 and SD32, then, the flow 
reverts control to the main routine. Thus, the apparatus 5 
controls the engine to restart in order to increase the 
master power negative pressure. 
[0241] If the decision result of the step SD34 is 
"YES" indicating that the master power negative pres- 
sure is large, the flow proceeds to step SD36 In which a 10 
decision is made as to whether a shift position Is either 
neutral (N), parking (?) or neutral parking (NP) or not. If 
a decision result of the step SD36 is "NO", the flow 
reverts control to the main routine, so that the apparatus 
continues idle stop of the engine. If the decision result of is 
the step SD36 is "YES", the flow proceeds to step 
SD38. 

[0242] In step SD38, a decision is made as to 
whether a flag F_ESZONEC is set to "1 " or not. That is, 
the step SD38 detemiines that remaining battery 20 
charge of the battery 26 is relatively small underthe pre- 
scribed shift position which is either neutral (N), parking 
(P) or neutral parking (NP). In that case, it is necessary 
to compulsority restart the engine. Hence, if a decision 
result of the step SD38 is "YES", the flow proceeds to 25 
steps SD42, SD30 and SD32, then, the flow reverts 
control to the main routine, so that the apparatus con- 
trols the engine to restart. If the decision result of the . 
step SD38 is "NO", the flow proceeds to step SD40. 
[0243] In step SD40, a decision is made as to 3a 
whether a flag F^TIHIDLMG storing a state of the accel- 
eration pedal is set to "1" or not. If a decision result of 
the step SD40 is "YES", the flow proceeds to steps 
SD42, SD30 and SD32, then, the flow reverts control to 
the main routine, so that the apparatus controls the 35 
engine to restart. In this case, since the driver steps on 
the brake pedal while depressing the acceleration 
pedal, the apparatus controls the engine to restart. If the 
decision result of the step SD40 is "NO", the flow reverts 
control to the main routine, so that the apparatus contin- 40 
ues idle stop of the engine. 

[0244] As described above, the preferred embodi- 
ments are respectively described with respect to actual- 
ization of the engine automatic start stop control 
apparatus of this invention. Of course, this invention is 45 
not necessarily limited by the embodiments, hence, it is 
possible to freely modify the embodiments within the 
scope of the invention. The embodiments exclusively 
describe the hybrid vehicles. Of course, technical fea- 
tures of this invention are applicable to other types of so 
vehicles (e.g., normal automobiles which run with inter- 
nal-combustion engines without using electric motor 
assists). In the aforementioned process of FIG. 9, the 
outside air temperature is estimated from the engine 
intake air temperature after the vehicle runs for the pre- 55 
scribed time. It is possible to exclude this process if the 
vehicle is equipped with a temperature sensor that 
directly measures the outside air temperature. 



[0245] The first embodiment (see FIG. 2) describes 
about the vehicle equipped with the manual transmis- 
sion 12, while the second embodiment (see FIG. 14) 
describes about the vehicle equipped with the CVT 13. 
Of course, technical points of the embodiments are 
applicable to the vehicle equipped with automatic trans- 
mission (AT). 

[0246] As described heretofore, this invention has a 
variety of technical features and effects, which are sum- 
marized as follows: 

(1) This invention Includes an automatic start 
device that basically controls the engine to restart 
based upon determination for restarting the engine 
under an engine stop mode. This device also con- 
trols the engine to restart when the driver 
depresses the clutch pedal or when the driver does 
not depress the brake pedal under the specific situ- 
ation where the engine stalls due to an error opera- 
tion of the driver so that the engine speed becomes 
zero. 

(2) So, even if the driver mistakenly recognizes that 
the engine is automatically stopped due to auto- 
matic stop control although the engine actually 
stalls due to the enror operation of the driver, it is 
possible to restart the engine by operations similar 
to the prescribed operation for restarting the engine 

. under the. automatic stop mode. Therefore, it is pos- 
i. sible to improve drivability for the driver who han- 
dles the vehicle. 

(3) This invention is applicable to the hybrid vehicle 
which installs both of an engine and an electric 
motor. Herein, the hybrid vehicle is capable of inde- 
pendently running by only using the electric motor. 
In the case of the hybrid vehicle, there is a great 
probability in that the driver fails to recognize an 
engine stall. However, this invention is capable of 
automatically restarting the engine in response to 
the engine stall. Thus, it is possible to avoid an 
unwanted situation where the battery coupled to 
the electric motor Is not electrically charged for a 
long time because the engine stall continues due to 
lack of recognition of the driver. 

[0247] As this invention may be embodied in sev- 
eral forms without departing from the spirit of essential 
characteristics thereof, the present embodiments are 
therefore illustrative and not restrictive, since the scope 
of the invention is defined by the appended claims 
rather than by the description preceding them, and all 
changes that fall within metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore 
intended to be embraced by the claims. 
[0248] An engine automatic start stop control appa- 
ratus controls an engine (10) of a vehicle to be automat- 
ically stopped or started in response to driving 
conditions of a vehicle. Particularly, the apparatus is 
applied to the vehicle that performs idle stop control for 
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reduction of discharge gas. Herein, the apparatus con- 
trols the engine to restart based upon determination for 
restarting the engine under an engine stop mode. 
Namely, the apparatus controls the engine to restart if a 
driver depresses a clutch pedal or if a driver does not 5 
depress a brake pedal during an engine stall in which 
engine speed becomes zero. Thus, it is possible to 
restart the engine by prescribed operations even if the 
driver mistakenly recognizes that the engine is stopped 
by automatic stop control although the engine actually 10 
stalls due to an en-or operation of the driver so that the 
engine speed becomes zero. This improves drivability 
for the driver who handles the vehicle, particularly a 
hybrid vehicle which is capable of independently run- 
ning by using an electric motor only. 75 

Claims 

1. An engine automatic start stop control apparatus 
that controls an engine (10) to be automatically 20 
stopped and started in response to driving condi- 
tions of a vehicle, comprising: 



mode of the engine. 

3. An engine automatic start stop control apparatus 
according to daim 1 or 2 wherein the vehicle Is a 
hybrid vehicle that installs an electric motor (16) in 
addition to the engine (10) as driving sources of 
wheels. 

4. A method for engine automatic start stop control in 
which an engine (10) of a vehicle is controlled to be 
automatically stopped and started in response to 
driving conditions of the vehicle, said method com- 
prising the steps of: 

detecting engine speed of the engine; 
detecting depression of a clutch pedal; 
detecting an automatic stop mode of the 

engine; and 

automatically starting the engine if the depres- 
sion of the clutch pedal is detected while the 
engine speed is zero but the automatic stop 
mode of the engine Is not detected. 



an engine speed detection device (18, SB12) 
for detecting engine speed of the engine; 25 
a clutch detection device (SB 18) for detecting 
depression.of.a clutch pedal; 
an automatic stop detection device (18, SB10) 
■for detecting an automatic stop mode of the 
engine; and 30 
an automatic start device (18, SB10-SB68) for 
automaticalty starting the engine if the clutch 
detection device detects the depression of the 
clutch pedal, the engine speed detection 
device detects that the engine speed is zero, 35 
and the automatic stop detection device does 
not detect the automatic stop mode of the 
engine. 



5. A method for engine automatic start stop control in 
which an engine (1 0) of a vehicle is controlled to be 
automatically stopped and started in response to 
driving conditions of the vehicle, said method com-, 
prising the steps of: . 

detecting engine speed of the engine; 
detecting depression of a brake pedal; 
detecting an automatic stop mode of the 

engine; and 

automatically starting the engine if the depres- 
sion of the brake pedal is not detected while the 
engine speed is zero but the automata stop 
mode of the engine Is not detected. 



2. An engine automatic start stop control apparatus 40 
that controls an engine (10) to be automatically 
stopped and started in response to driving condi- 
tions of a vehicle, comprising: 



an engine speed detection device (18, SD12) 45 

for detecting engine speed of the engine; 

a brake detection device (SD22) for detecting 

depression of a brake pedal; 

an automatic stop detection device (18, SD10) 

for detecting an automatic stop mode of the so 

engine; and 

an automatic start device (18, SD10-SD40) for 
automatically starting the engine if the brake 
detection device does not detect the depres- 
sion of the brake pedal, the engine speed ss 
detection device detects that the engine speed 
is zero, and the automatic stop detection 
device does not detect the automatic stop 
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FIG. 3A 
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FIG. 3B 
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FIG. 6B 
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